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(57) A propiophenone derivative of the formula (I): 
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wherein OX is a hydroxy group which may optionally be protected, Y is a lower alkyl group, and Z is a p-D-glucopyran- 
osyl group wherein one or more hydroxy groups may optionally be protected, or a pharmaceutical ly acceptable salt 
thereof. Said compounds have excellent hypoglycemic activity so that they are useful in the prophylaxis or treatment of 
diabetes. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a novel propiophenone derivative having a hypoglycemic activity, and a process for 
preparing the same. 

PRIOR ART 

10 Although diet therapy is essential in the treatment of diabetes, when diet therapy does not sufficiently control the 
conditions of patients, insulin or an oral antidiabetic is additionally used. There have been used as an antidiabetic bigua- 
nide compounds and sulfonylurea compounds. However, these antidiabetics have various side effects. For example, 
biguanide compounds cause lactic acidosis, and sulfonylurea compounds cause signif icant hypoglycemia. Under such 
circumstances, it has been desired to develop novel drugs for treatment of diabetes having no such side effects. 

15 Recently, It has been reported that hyperglycemia participates in the outbreak and progressive impairment of dia- 
betes, i.e.. glucose toxicity theory. That is, chronic hyperglycemia leads to decrease insulin secretion and contrbutes to 
increase insulin resistance, and as a result, the blood glucose concentration is increased so that diabetes is self-exac- 
erbated [cf. Diabetologia, Vol. 28, p. 119 (1985); Diabetes Care, Vol. 13, p. 610 (1990), etc.]. Therefore, by treating 
hyperglycemia, the aforementioned self-exacerbating cycle is interrupted so that the prophylaxis or treatment of diabe- 

20 tes is made possible. 

As one of the methods for treating hyperglycemia, it is considered to excrete an excess amount of glucose directly 
into urine so that the blood glucose concentration is normalized. 

Phlorizin is a glycoside which exists in barks and stems of Rosaceae (e.g., apple, pear, etc.). Recently, it has been 
found that phlorizin is an inhibitor of Na + -glucose co-transporter which exists only in chorionic membrane of the intes- 

25 tine and the kidney, and by inhibiting Na + -glucose co-transporter, phlorizin inhibits the renal tubular glucose reabsorp- 
tion and promotes the excretion of glucose so that the glucose level in a plasma is controlled. Based on this action of 
phlorizin, when the glucose level in a plasma in diabetic animals is controlled at a normal level for a long time by sub- 
cutaneous daily administration of phlorizin, the conditions of diabetic animals are ameliorated to be normal {cf . Journal 
of Clinical Investigation, Vol. 79, p. 1510 (1987), ibid. Vol. 80, p 1037 (1987), ibid. Vol. 87, p. 561 (1991), etc.], 

30 However, when phlorizin is administered orally, most of it is hydrolyzed to afford glucose and phloretin, which is the 
aglycon of phlorizin, and hence, the amount of phlorizin to be absorbed is so little that the urine glucose excretion effect 
of phlorizin is very weak Besides, phloretin, which is the aglycon of phlorizin, has been known to strongly inhibit a facil- 
itated diffusion-type glucose transporter. For example, when phloretin is intravenously administered to rats, the glucose 
concentration in brain of rats is decreased [cf. Stroke, Vol. 14. p. 388 (1983)]. Therefore, when phlorizin is administered 

35 for a long time, there may be adverse effects on various tissues, and hence, phlorizin has not been used as an antidia- 
betic. 

BRIEF DESCRIPTION OF INVENTION 

40 An object of the present invention is to provide a 4'-lower alkylpropiophenone derivative which shows an urine glu- 
cose increasing activity because it inhibits the renal tubular glucose reabsorption, and shows an excellent hypoglycemic 
activity, and at the same time, whose aglycon has a very weak inhibitory activity of facilitated diffusion-type glucose 
transporter. Another object of the present invention is to provide a process for preparing a propiophenone derivative of 
the present invention. A further object of the present invention is to provide a hypoglycemic agent comprising as an 

45 active ingredient a propiophenone derivative of the present invention or a pharmaceutically acceptable salt thereof. 

DETAILED DESCRIPTION OF INVENTION 

The present invention relates to a propiophenone derivative of the formula (I): 

50 
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wherein OX is a hydroxy group which may optionally be protected, Y is a lower alkyl group, and Z is a p-D-glucopyran- 
osyi group wherein one or more hydroxy groups may optionally be protected, or a pharmaceutical ly acceptable salt 
thereof. 

Among the compounds (I) of the present invention, in case OX of the formula (I) is a protected hydroxy group, the 
protecting group may be any protecting group which can be a protecting group for a phenolic hydroxy group, for exam- 
ple, a lower alkoxy-lower alkyl group such as methaxymethyl group; an allyl group; and an acyl group such as a lower 
alkanoyl group, a lower alkoxy-lower alkanoyl group, a lower alkoxycarbonyl group, a lower alkoxy-lower alkoxycarbonyl 
group, an arylcarbonyl group (e.g., benzoyl group). Among these protecting groups, preferable ones are an acyl group 
such as a lower alkanoyl group, a lower alkoxy-lower alkanoyl group, a lower alkoxy-carbonyl group, a lower alkoxy- 
lower alkoxycarbonyl group, and especially preferable ones are a lower alkanoyl group, and a lower alkoxycarbonyl 
group. 

Among the compounds (I) of the present invention, in case Z of the formula (I) is a p-D-glucopyranosyl group 
wherein one or more hydroxy groups are protected, the protecting group may be any conventional protecting groups for 
hydroxy group which can easily be removed by a conventional method such as acid-treatment, hydrolysis, reduction, 
etc. The p-D-glucopyranosyl group wherein one or more hydroxy groups are protected by the above-mentioned protect- 
ing groups may be selected from (i) a p-D-glucopyranosyl group wherein one or more hydroxy groups are acyiated, (ii) 
a p-D-glucopyranosyl group wherein two hydroxy groups combine to form a 1 -lower alkoxy-lower alkylidenedioxy group, 
a benzylklenedioxy group, a phosphinicodioxy group, or a carbonyldioxy group together with the protecting groups 
thereof, and (Hi) a p-D-glucopyranosyl group wherein one or two hydroxy groups are acyiated, and the other two hydroxy 
groups combine to form a 1 -lower alkoxy-lower alkylidenedioxy group, a benzyiidenedioxy group, a phosphinicodioxy 
group, or a carbonyldioxy group together with the protecting groups thereof. However, the protecting groups for the 
hydroxy groups of the p-D-glucopyranosyl group should not be construed to be limited to the above protecting groups, 
and may be any ones which can be removed after administering the present compound into the living body and give the 
hydroxy groups of the p-D-glucopyranosyl group, or can promote the absorption of the desired compound into the living 
body, or make it more easy to administer the present compound into the living body, or can increase the solubility in oil 
and/or water of the present compound. 

When the hydroxy group of the p-D-glucopyranosyl group is acyiated, the acyl group is preferably a lower alkanoyl 
group, a lower alkoxy-lower alkanoyl group, a lower alkoxycarbonyl group, a lower alkoxy-lower alkoxycarbonyl group, 
or an arylcarbonyl group (e.g., benzoyl group), or an amino acid residue which is obtained by removing a hydroxy group 
from the carboxyl group of a corresponding amino acid (wherein amino groups and/or carboxyl groups and/or hydroxy 
groups in said residue may be protected by a conventional protecting group). The amino acid residue includes a group 
which is obtained by removing a hydroxy group from the carboxyl group of a natural amino acid such as aspartic acid, 
glutamic acid, glutamine, serine, sarcosine, proline, phenylalanine, leucine, isoleucine. glycine, tryptophan, cysteine, 
histidine, tyrosine, or valine, or an antipode thereof, or a racemic compound thereof. 

When Z is a p-D-glucopyranosyl group wherein two hydroxy groups of the p-D-glucopyranosyl group combine to 
form a 1 -lower alkoxy-lower alkylidenedioxy group, a benzyiidenedioxy group, a phosphinicodioxy group, or a carbonyl- 
dioxy group together with the protecting groups thereof, said p-D-glucopyranosyl group may be a p-D-glucopyranosyl 
group wherein the 4- and 6-hydroxy groups of the p-D-glucopyranosyl group combine to form a 1 -lower alkoxy-lower 
alkylidenedioxy group, a benzyiidenedioxy group, a phosphinicodioxy group, or a carbonyldioxy group together with the 
protecting groups thereof. Such p-D-glucopyranosyl group has the formula: 
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31X1 T fe 8 '2l r09en a,om or a lower flroup. and the other is a lower altoxy group, or one of R 7 
and R 8 is a hydrogen atom, and the other is a phenyl group, or R 7 and R 8 combine to form an oxo group! 

^^TJr h S^ y 'HFL* th6 P- D -S luc °Py ran <»yl group combine to form a 1 -lower atkoxy-tower alkylidenecfioxy 
^ ^ 6 pr0teCtn9 ^"P 5 thereof - 4,16 1 *"* alkoxy-lower aJkyOdenedioxy group is preferably a 1 -lower 
gS group, and more preferably a 1-methoxyethylidenedioxy group or aT-ethoxyet^idened^ 

ethylXJ 6 formUla 0) fe PreferaUy an 3lkyl 9roup havin9 1 to 4 <**°n atoms, more preferably a methyl group or an 
Representative compounds of the present invention are compounds of the formula (0 wherein Z is a B-D-olucop- 
"I 6 ™ 1 ™ W T° re , hydraxy °P« on a"y be acylated by a group selected from a lower 

alkanoyl group, a lower altoxycaroonyl group, a lower alkoxy-lower alkanoyl group and a lower alkoxy-lower alkoxycar- 
bonyl group, or a p-D-glucopyranosyl group wherein two hydroxy groups combine to form a 1-lower alkoxy-lower alkyli- 
denecfioxy group or a phosphinteodioxy group together with the protecting groups thereof 

More specifically, representative compounds of the present invention are compounds of the formula (!) wherein Z 
1J ' °•?^ copyranosy, ° rou P wnerein me hydroxy group, or the 2- and the 3-hydroxy groups, or Ihe 4-hydroxy group. 
orme6-hydroxygroupn«yoptionallybe acylated by a group selected from a lower aiter^group. a loi 
tonyl group a lower alkoxy-lower alkanoyl group, and a lower alkoxy-lower altoxycaroonyl group, or a p-D-glucopyran- 
osyl groupwherem the 4- and the 6-hydroxy groups combine to form a 1-lower alkoxy-lower alMidenedioxy groupTa 
phosphmicodioxy group together with the protecting groups thereof. °eneoioxy group or a 

Among the impounds (0 of the present invention, preferable compounds are compounds of the formula (I) 
wherein OX * a hydroxy group, a lower alkanoyloxy group or a lower aikoxycarbonyloxy group, Z is a p-D-glucopyran- 
os^ group. aaO.OowaJkanoyl)-^ 

^Z^^T^^r^^ "2* ° SO * , ~ a-^-^-glu^anolyK. a Blower 
aJtoxyca*OTyl)-p-D-glucopyranosyl group, a 6-0-(lower alkoxy-lower alkanoyf)-p-D-glucopyranosyl group a 6-0- 

yranosyl group, or 4.6-O-phosphinico-p-D-glucopyranosyl group 

I^^Z^t^n 00 ^ 01 ^ 5 are , com P° unds °» to™** O herein OX is a hydroxy group or a lower alkanoy- 
5S I ^"T^ Sr0UP ' 3 2 - 3 ^-°-Cower alkanoyO-p-D-glucopyranosyl group, a 4-O-Oower alkox- 
ycartxjnyO-p-D^ucopyranosyl group, a (K)-(lower altoxycamonyQ-p-D-glucopyranosyl group, a 4.6-0-(1 -lower 
altoxy WalMidene)-p-D-glucopyranos^^ 

a hvd^™^ 3" ndS P referable «>rnpounds are compounds of the formula ® wherein OX is 

a ^d oxy group. Y is a methyl group or an ethyl group. Z is a p-D-glucopyranosyl group, a 4-0-(lower jkoxycaroonyn- 
ISK^ m ^V™" altoxycarbc^yO-p-D-glucopyranosy. group, a 4,6-cl(1-l W e/SXer 
aIM'dene)-p-D-glucopyrariosylgroup.ora4 1 60-phc^hinico-p-D-gluco^ 

Espeaal^rpreferable compounds are compounds of the formula (0 wherein Z is a p-D-glucopyranosyl group or a 
6-O^loweraltoxycarbonyO-p-D-glucopyranosyl group. "W-anosyi group or a 

The propiophenone derivatives (0 of the present invention may be used for the purpose of the present invention 
e^henn the freeform or inmeformofa.phaxmaceutica.ly acceptable 

so S£ g ^;^ 

a „ ii 6 Pr , 0Pi ? hen ° r !! ***** (l) 01 tne P resent Mention or a pharmaceutically acceptable salt thereof includes 
an intramolecular salt thereof, or a solvate or hydrate thereof, as well. 

a^lZT^l® « *' ^, PreSe u i ? VSnti0n or a P"amiaceutically acceptable salt thereof may be administered 
as Snv Sir * ^ T 66 formU ' a,ed Wo 8 Pharmaceutical preparation in admixture with a pharrnace" 
55 t,cafly acceptable earner or diluent suitable for oral administration or parenteral administration. The pharmaceutical 

? * l" eXamp,e ' Mnd " (e9 - Syrup " * um "«■* 9 e,atin - tra'gaS^ 

nyfoyrrohdone. etc.). extents (e.g.. lactose, sucrose, corn starch, potassium phosphate, sorbitol, glycine. etcoTubri- 
cants (e.g.. magnes.um stearate. talc, polyethylene glycol, silica, etc.), disintegrators (e.g.. potato starch, etc.) wetting 
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agents (e.g., sodium laurylsuKate. etc.), and the like. These pharmaceutical preparations may be in the form of a solid 
preparation such as tablets, granules, capsules, powders, etc., or in the form of a liquid preparation such as solution, 
suspension, emulsion, etc., when administered orally. When administered parenterally, the pharmaceutical prepare* 
tions may be in the form of suppository, an injection preparation or an intravenous drip preparation using distilled water 
for injection, a physiological salt solution, an aqueous glucose solution, and so on. 

The dose of the propiophenone derivative (I) or a pharmaceutically acceptable salt thereof varies depending on the 
administration routes, ages, weights and conditions of patients, or severity of diseases to be cured, but it may be in the 
range of from 0.05 to 30 mg/kg/day, preferably In the range of from 0.5 to 15 rng/kg/day in case of oral administration. 
In case of parenteral administration, the dose of the present compound (I) may be in the range of from 0.005 to 30 
mg/kg/day, preferably in the range of from 0.05 to 3 mg/kg/day. 

The desired compound (I) of the present invention may be prepared by reducing a compound of the formula (II): 




wherein the symbols are the same as defined above, and if necessary, followed by converting the product into a phar- 
maceutically acceptable salt thereof. 

The reduction reaction may be carried out by a conventional method such as reduction with a metal hydride, cata- 
lytic reduction, etc. For example, the reduction with a metal hydride may be carried out by using a metal hydride in a 
solvent, and the catalytic reduction may be carried out by using a catalyst under atmospheric pressure of hydrogen gas 
in a solvent. 

In the catalytic reduction, the catalyst may be any conventional one, for example, palladium-carbon, platinum-car- 
bon, platinum oxide, Raney nickel. In order to prevent the over reduction of the double bond of the benzofuran ring, 
there may be added a substance which can reduce the catalytic ability of the catalyst, for example, amines such as 4- 
(N,N-dimethylamino)pyridine. N,N-dimethylaniline, aniline, dipropylamine, diisopropylamine, morpholine, piperazine, 
dicyclohexylamine, piperidine, pyrrolidine, or amides such as N.N-dimethylacetamide. 

In the reduction with a metal hydride, the metal hydride may be any one which can reduce a carbon-carbon double 
bond. However, it may be preferable to use metal hydrides which do not reduce a ketone, for example, sodium tellurium 
hydride (NaTeH). which is prepared according to the method disclosed in Synthesis, p. 545 (1978). Sodium tellurium 
hydride is usually used in an amount of 1 to 3 mole equivalents, preferably in an amount of 1 to 1.5 mole equivalents, 
to 1 mole equivalent of the compound (II). 

In the reduction reaction, the solvent may be any one which does not disturb the reaction, for example, an organic 
solvent such as alcohols (e.g., methanol, ethanol), ethers (e.g., tetrahydrofuran), esters (e.g., ethyl acetate), organic 
acids (e.g., acetic acid), or a mixture of such organic solvents and water. 

The reduction reaction may be carried out from a temperature under cooling to a temperature with heating, prefer- 
ably at a temperature of from 1 0°C to 30°C . 

The compounds (I) of the present invention thus obtained can be converted into each other by the following proc- 
esses, or a combined process thereof. 

(1) Among the present compounds (I), the compound of the formula (l-b): 
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wherein R 1 is an acyl group, and the other symbols are the same as defined above, can be prepared by acylating 
the compound of the formula (l-a) of the present invention: 




wherein the symbols are the same as defined above. 

(2) Among the present compounds (I), the compound of the formula (l-c): 




wherein R 3 is an acyl group, and the other symbols are the same as defined above, can be prepared by acylating 
a compound of the formula ( W), which is a compound of the formula (l-a) wherein the 4- and the 6-hydroxy groups 
of the p-D-glucopyranosyl group are protected: ° - 
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wherein R 11 0 and R 21 0 are protected hydroxy groups, and the other symbols are the same as defined above, fol- 
lowed by removing the protecting groups, i.e., R 11 and R 21 , from the product. 
(3) Among the present compounds (I), the compound of the formula (l-e): 




wherein R 4 is an acyl group, and the other symbols are the same as defined above, can be prepared by acyiating 
a compound of the formula (l-f), which is a compound of the formula (l-d) wherein the 3-hydroxy group of the p-D- 
glucopyranosyl group is further protected: 




wherein R 31 0 is a protected hydroxy group, and the other symbols are the same as defined above, followed by 
removing the protecting groups, i.e., R 1 \ R 21 , and R 31 , from the product. 

In the compounds (l-d) and (l-f), the protecting groups R 1 1 , R 21 , and R 31 for the hydroxy groups of the p-D-glu- 
copyranosyl group may be any conventional one. and the protecting groups for the 4- and the 6-hydroxy groups are 
preferably ones which can combine each other to form a benzylidene group, etc. The protecting group for the 3- 
hydroxy group is preferably a tri-lower alkylsilyl group (e.g., t-butyldimethylsilyl group, trimethylsilyl group). The 
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removal of these protecting groups is carried out by a conventional method such as acid-treatment, hydrolysis, 
reduction, etc. 

The acylation reaction of the above processes (1), (2) and (3) is carried out by reacting the starting compound 
with an organic acid (e.g., a lower alkanecarboxyOc acid such as acetic acid, a lower alkoxy-lower alkanecarboxylic 
5 acid such as methoxy acetic acid, benzoic acid, etc.) corresponding to the desired acyl group, or a salt thereof, or 
a reactive derivative thereof. 

The reaction between the organic acid corresponding to the desired acyl group, or a salt thereof, and the start- 
ing compound is carried out in a suitable solvent in the presence or absence of a condensing agent. The reaction 
between the reactive derivative of the organic acid and the starting compound is carried out in a suitable solvent or 
io without a solvent in the presence or absence of an acid acceptor. 

The salt of the organic acid includes, for example, an alkali metal salt or an alkaline earth metal salt such as 
sodium salt potassium salt calcium salt etc. When these salts of the organic acid are used in the condensation 
reaction, these salts may preferably be used after prepared to be in the form of a free acid. 

The reactive derivative of the organic acid includes, for example, an acid halide. acid anhydride, active ester, 
is or active amide of a lower alkanecarboxylic acid, lower alkoxy-lower alkanecarboxylic acid, lower alkoxycarboxylic 
acid, benzoic acid, etc. 

The condensing agent may be any conventional ones, for example, dicyclohexylcarbodiimide, diethyl cyanc- 
phosphate, carbonyldiimidazole, bis(2-oxo-3-oxazoiidinyI)phosphinic chloride, etc. 

The acid acceptor may be any conventional one, for example, an inorganic base such as an alkali metal 
20 hydroxide (e.g.. sodium hydroxide, potassium hydroxide, etc.); an alkali metal carbonate (e.g., potassium carbon- 
ate, sodium carbonate, etc.); an alkali metal hydrogen carbonate (e.g., sodium hydrogen carbonate, potassium 
hydrogen carbonate, etc.); an alkali metal hydride (e.g., sodium hydride, potassium hydride, etc.), or an organic 
base such as a tri-lower alkylamine (e.g., triethylamine, diisopropylethylamine, etc.); pyridine; 2,4,6-collidine; 4- 
(N.N-dimethylamino)pyridine; quinuclidine, aniline; N.N-dimethylaniline, etc. 
25 The solvent may be any conventional one which does not disturb the reaction, for example, water; esters (e.g., 

ethyl acetate); halogenated hydrocarbons (e.g., dichloromethane); amides (e.g., dimethylformamide); ethers (e.g., 
tetrahydrofuran); nitriles (e.g.. acetonitrile); etc., or a mixture thereof. Beside, an organic base such as pyridine, 
2,4,6-cqllidine. etc. which are exemplified above as an acid acceptor may be also used as a solvent 

The reaction may be carried out from a temperature under cooling to a temperature with heating, preferably at 
30 a temperature from -10°C to 100°C, especially at a temperature of from 0°C to 50°C. 

In the above process (1), the compound of the formula (1-b) wherein R 1 is a lower alkoxycarbonyl group can 
be prepared by a modified method disclosed in J. Chem. Soc. Perkin Trans. 1, p. 589 (1993). i.e.. by reacting the 
compound (l-a) with the di-lower alkyl carbonate in the presence or absence of molecular sieves in a suitable sol- 
vent with using a lipase. 

35 The lipase may preferably be a lipase derived from Candida antarctica, for example, Novozym 435 (manufac- 

tured by Novo Nordisk A/S). 

The solvent may be any conventional one which does not disturb the reaction, and preferably be ethers such 
as dioxane, ethyl eneglycol diethyl ether, etc. 

The compound (l-a) is prepared by reduction of the compound of the formula (II) wherein Z is a p-D-glucop- 
<o yranosyl group, and the compound (l-a) is useful as one of the compounds of the present invention as well as a 
synthetic intermediate for preparing other compounds of the present invention. 

The compound (l-d) is prepared by protecting the 4- and the 6-hydroxy groups of the p-D-glucopyranosyl group 
of the compound (l-a). The compound (l-f) is prepared by protecting the 3-hydroxy group of the p-D-glucopyranosyl 
group of the compound (l-d). The protection of the hydroxy groups of the p-D-glucopyranosyl group is carried out 
45 by a method disclosed in the process (5) described hereinbelow, or by the methods disclosed in Examples, or a 
conventional method. 

In the acylation reaction of the above processes (1). (2) and (3), when OX of the starting compounds is a 
hydroxy group, the OX may optionally be acylated as well, and the product thus obtained, i.e. the product wherein 
OX is acylated, is also included in the present invention. When OX of the starting compounds should not be 
so acylated. the product wherein OX is acylated is treated in a suitable solvent (e.g., tetrahydrofuran, methanol, water, 
etc.) with a base such as an alkali metal hydrogen carbonate (e.g., sodium hydrogen carbonate, potassium hydro- 
gen carbonate, etc.), amines (e.g., t-butylamine, etc.) to remove the acyl group of the product 
(4) Among the compounds (I) of the present invention, the compound of the formula (l-g): 

55 
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or 












R'OCOO 



d-g) 




a-h) 



wherein the symbols are the same as defined above, with a compound of the formula (III): 

R20H 



(NO 



wherein R 2 is the same as defined above 

(e.g.^ceta acid), or an inorganic acid such as hydrochloric acid, sulfuric acid ^ aCd 

The reaction is earned out from a temperature under cooling to a temperature with heatinc esoeciallv at a tern 
pasture of from -50'C to 60-C. When an ary. halogenoformate is usadTn the re acS iTftStt 
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reaction system after the aryl halogenoformate is added thereto, especially preferable to heat it at 40°C to 70°C. 
(5) Among the present compounds (I), the compound of the formula (l-i): 




OH 



wherein R 5 is a hydrogen atom or a lower alky! group and R 6 is a lower alkoxy group, or R 5 is a hydrogen atom and 
R 6 is a phenyl group, or R 5 and R 6 may combine to form an oxo group, and the other symbols are the same as 
defined above, can be prepared by reacting a compound of the formula (l-a) with a compound of the formula (IV): 




wherein A 1 and A 2 are leaving groups, and the other symbols are the same as defined above. 

In the compounds (IV), the leaving group may be any conventional one which does not disturb the reaction, for 
example, a halogen atom (e.g., chlorine atom, bromine atom), and a lower alkoxy group (e.g.. methoxy, ethoxy). 

The reaction is earned out in a suitable solvent or without a solvent in the presence or absence of an acid or a 
base. 

The solvent may be any one which does not disturb the reaction, for example, halogenated hydrocarbons (e.g., 
dichloromethane, chloroform, dichloroethane, etc.). ethers (e.g., tetrahydrofuran, diethyl ether, etc.), or an excess 
amount of the compound (IV) can also be used as a solvent. 

The acid includes, for example, an organic acid such as an arylsulfonic acid (e.g., p-toiuenesuHonic acid), a 
lower alkanesulfonic acid (e.g., methanesulfonic acid, ethanesulfonic acid, etc.). trifluoroacetic acid, etc., or an inor- 
ganic acid such as hydrochloric acid, sulfuric acid, etc., or a salt of a strong acid and a weak base such as pyricfin- 
ium p-toluenesuHbnate. 

The base includes, for example, a trWower alkyiamine (e.g., triethylamine, diisopropyiethylamine), pyridine, 4- 
(N,N<fimethyiamino)pyridine, aniline. N,N -dimethyl aniline, etc. 

The reaction is carried out from a temperature under cooling to a temperature with heating, preferably at a tem- 
perature of from 0°C to 50°C. especially at a temperature of from 20°C to 30°C. 
(6) Among the present compounds (I), the compound of the formula (l-j): 




wherein OX 1 is a protected hydroxy group, and the other symbols are the same as defined above, and the com- 
pound of the formula (l-k): 



10 



EP0 850 948A1 




wherein the symbols are the same as defined above, can be converted each other. That is. the compound (l-j) is 
prepared by protecting the compound (l-k). and the compound (l-k) is prepared by removing the protecting group 
a from the compound (l-j). " 

The pirtection of the compound (l-k) is carried out by a conventional method, for example, when protecting the 
compound (l-k) with an acyl group, the protection is carried out in the same manner as in the above processes (1) 
(2) and p) When protecting the compound (l-k) with an allyl group, the protection is carried out by reacting the 
compound (l-k) in a suitable solvent (e.g.. acetone) in the presence or absence of an acid acceptor (e.g.. potassium 
carbonate) with an allyl halide(e.g.. allyl bromide). H.^w&sum 

The removal of the protecting group X 1 from the compound (1-0 is carried out by a conventional method which 
should be selected according to the types of the protecting group to be removed. For example, when OX 1 is a lower 
alkanoyloxy group or a lower alkoxycarbonyloxy group, the removal of the protecting group is earned out by treating 
wrth an acid or a base in a suitable solvent. When OX 1 is a lower altaxy-lower alkoxy group, the removal of the pro- 
tecting group is earned out in a suitable solvent with using an acid. When OX 1 is an allyloxy groip. the removal of 
the proteebng group is carried out by treating with a palladium catalyst (e.g.. dichlorobis(triphenylphosphine)palla- 
dium (II)) in a suitable solvent (e.g.. acetonitrile) in the presence of ammonium formate. «Pn,ne;pa..a 
(7) Among the present compounds (I), the compound of the formula (I-/): 




(M) 



wherein the symbols are the same as defined above, can be prepared by subjecting a compound ot the formula ( 



m): 



R 10 O' 



.P — 




a-m) 
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wherein R 9 and R 10 are the same or different and each protecting groups for hydroxy group, and the other symbols 
are the same as defined above, to hydrolysis. 

The protecting groups R 9 and R 10 may be any conventional protecting groups, and preferably a phenyl group, a 
lower alkyl group (e.g., methyl, ethyl), etc. 

The hydrolysis is carried out by a conventional method, but preferably carried out in a solvent or without a solvent 
in the presence of a base. 

The solvent may be any one which does not disturb the reaction, for example, ethers (e.g., tetrahydrofuran, diox- 
ane, etc.), water, or a mixture of these solvents. 

The base includes, for example, an alkali metal hydroxide (e.g., lithium hydroxide, sodium hydroxide, potassium 
hydroxide, etc.), and an alkali metal carbonate (e.g., lithium carbonate, sodium carbonate, potassium carbonate, etc.). 

The reaction is carried out from a temperature under cooling to a temperature with heating, preferably at a temper- 
ature of from -20°C to 50°C, more preferably at a temperature of from 0°C to 30°C. 

When the hydrolysis is carried out with using a base, the obtained compound (I-/) is isolated in the form of a salt 
with the base to be used in the hydrolysis. 

The compound (l-m) can be prepared by reacting the compound (l-a) with a compound of the formula (VIII): 



Rl0o .r-A> (vm> 

wherein A 3 is a leaving group, and the other symbols are the same as defined above. 

In the compound (VIII), the leaving group A 3 may be any conventional one which does not disturb the reaction, and 
preferably a halogen atom (e.g., chlorine, bromine). 

The reaction is carried out in a suitable solvent or without a solvent in the presence or absence of a base. 

The solvent may be any conventional one which does not disturb the reaction, for example, halogenated hydrocar- 
bons (e.g., dichloromethane, chloroform, cfichloroethane, etc.), ethers (e.g.. tetrahydrofuran, diethyl ether, etc.). 

The base includes, for example, a tri-lower alkylamine (e.g., triethylamine, diisopropylethylamine). pyridine, 4-<N,N- 
dimethylamino)pyridine, aniline, N.N-dimethylaniline, 2,4,6-collkfine, etc. 

The reaction is carried out from a temperature under cooling to a temperature with heating, preferably at a temper- 
ature of from -20°C to 50°C, more preferably at a temperature of from 0 6 C to 30°C. 

The staring compound (II) of the present invention may be prepared by condensing a compound of the formula (V) 




wherein Z 1 is a p-D-glucopyranosyl group wherein the hydroxy groups may optionally be protected, and the other sym- 
bols are the same as defined above, with 5-formylbenzo[b]furan, and if necessary, followed by protecting the hydroxy 
groups of the product 

When Z 1 of the starting compound (V) is a p-D-glucopyranosyl group wherein the hydroxy groups are protected, 
the protecting groups for the hydroxy groups of the p-D-glucopyranosyl group may be any conventional protecting group 
for hydroxy group, for example, a lower alkanoyl group (e.g.. acetyl group). 

The condensation reaction of the starting compound (V) with 5-formylbenzo[b]furan may be carried out by the con- 
ventional method, for example, in a suitable solvent (e.g., an organic solvent such as methanol, ethanol. etc. or a mix- 
ture of these organic solvents and water), in the presence of a base (e.g., alkali metal hydroxides such as potassium 
hydroxide), from a temperature under cooling to a temperature with heating (especially at a temperature of from 10°C 
to30°C). 

When protecting the hydroxy groups of the product thus obtained, the protection is carried out by a conventional 
method, or a method disclosed in the above processes (1) to (5), or a combined process of these processes. 
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The compound (II) obtained in the above process can be used in the reduction reaction of the present invention with 
being further purified, but can be used without purification. 

The compound (V) for preparing the compound (II) is prepared by condensing a compound of the formula (VI): 



(VI) 



wherein the symbol is the same as defined above, with 2.3.4.6-tetra-O-acetyl-a-D-glucopyranosyl bromide with adding 

VZZE, ^T^r"^? e "? * S qua,ernar y ammonium h a suable solvent, and if necessary, followed by 
protecting the 6 -phenolic hydroxyl group of the product. 

chi^^^f ^f ny T! Wl ? Gh d06S not disturt > 1,16 reacti0 ". »w example, halogenated hydrocarbons (e.g.. 
chloroform), aromatic hydrocarbons (e.g.. toluene), ketones (e.g.. acetone), and water 

^ZS^S^T k i "!L S !! t 1 may Pf f r3bly 66 9 tetra -' 0wer aWammonium halide. a tetra-lower alkylammo- 
prefeS *■ Among them, benzyl tri-lower alKyiammonium 

m-? 8 ? 56 i"^ 65 - for example " an alkali me,al hy*oxide (e.g.. sodium hydroxide, potassium hydroxide), an alkali 
metal carbonate (e.g.. potassium carbonate, sodium carbonate), cadmium carbonate, etc. The reaction is carried out 
from a temperature under cooling to a temperature with heating. 

'? *° r example ' W * reactin 9 *e """Pound (VQ with 2.3,4,6-tetra-O-acetyl-a-D-glucop- 

yranosyl bromrie in a suitable solvent (e.g„ aqueous acetone) in the presence of potassium hydroxide, and H neces- 
sary foHowed by proteding the hydroxy groups of the product, according to the method disclosed in J. Med. Pharm. 
Chem 5. p. 1045 (1 962); or (.i) by heating under reflux the compound (VI) with 2.3,4,6-telra-O-acetyl-o-D-glucopyran- 

S^IT* ^ *J£%*" th6 9roups 01 the Droduct - ac ~ r ding to the method disclosed in Car: 

bohydrate Research. 70. p. 313 (1979); or (Hi) by reacting the compound (VI) with 2.3.4.6-tetra-O-acetyl-a-D-glucop- 
aZrLlT-? "*T (e °- halo ° ena,ed hydrocarbons such as chloroform, or adding thereto? small 

^LiT w tne ^ esence of a quaternary ammonium salt (e.g., benzyftributylammonium chloride) and an alkali 
metal carbonate (e.g., potassium carbonate), and if necessary, followed by protecting the hydroxy groups of the prod- 

The protection of the ^-phenolic hydroxy group is carried out by a conventional method 

Ch^jTS,^ ^r 13 °"! Wh6rein Y iS 8 mB%l 9r0Up is prepared * the method disclosed in J. Org. 
Chenr. 29. p. 2800 (1964) or by acetylatmg orcrnol, followed by subjecting the resulting orcinol diacetate to Freis rear- 

rmSe) 8 * 8 chlorobenzene) or without a solvent in the presence of a Lewis acid (e.g., alumi- 

by '^SSSSS^ formUla ^ ^ Y fe 8 a ' M 9rOUP **** *° ° r m ° re Ca * on atoms is 
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(VIII) (VI) 



wherein Y 1 is a lower alkenyi group, and the other symbols are the same as defined above. 
That is, the compound (VI) is prepared by the following steps: 

(0 converting 3,5-dimethoxyaniline into a diazonium salt thereof with using sodium nitrite in acetic acid in the pres- 
ence of a hydrochloric acid, and reacting the product with potassium iodide to give dimethoxyiodobenzene; 

(ii) treating the dimethoxyiodobenzene in acetic acid with hydrobromic acid to de-methylation; 

(iii) acetylating the phenolic hydroxy groups of the product with using acetic anhydride, etc. to give diacetoxyiodo- 
benzene; 

(iv) reacting the diacetoxyiodobenzene with tri-butyl-lower alkenyi tin in the presence of a palladium catalyst (e.g., 
dichlorobis(triphenylphosphine) palladium (II)) to give the diacetoxy-lower alkenylbenzene of the formula (VII); 

(v) subjecting the compound (VII) to catalytic reduction to give the diacetoxy-lower alkylbenzene of the formula 
(VIII); 

(vi) subjecting the compound (VIII) to Freis rearrangement in the presence of a Lewis acid such as aluminum chlo- 
ride. 

The diacetoxy-lower alkylbenzene (VIII) is also prepared as follows. 




(vm) 
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10 



is 



20 



wherein the symbols are the same as defined above. 

That is, the compound (VIII) is prepared by the following steps: 

(f) subjecting the 3,Wimethoxybenzaldehyde to Wrttig reaction, etc. to give the dimethoxy-lcwer alkenylbenzene- 
Wsu^ecbng the resulting dimethoxy-lower alkenylbenzene to catalytic reduction to give Se dimetr^wS- 

£oXS ^enfeS" 1 ^ alky,benzene "* hydrobromic «* •» ace «< ■* * de-methytation to give dihy- 
fiv) acetylating the dihydroxy-lower alkylbenzene with acetic anhydride, etc.. to give the compound (VIII). 

In the present description and the claims, the lower alkyl group means a straight chain or branched chain alkvl 
group havmg 1 to 6 «rbon atoms, for example, methyl, ethyl, propyl, butyl, etc.. preferably ones h^ing 1 toTiS 
e^i?miZv 9roUP ^h! 6trai9W Chai " ° r branched ** ***** Sroup ha«ng 1 ,o 6 caLn atoms, for 
S?^ ST^T^ 1 1 ' Preferab,y mes havin 9 1 *o 4 carbon atoms. The lower alkanoyl group 
means a stra.ght chain or branched cha,n alkanoyl group having 2 to 6 carbon atoms, tor example, acetyl, proptonyl 

tSSJ^tS' °" eS ha : i " g 2 10 * rart, ° n at0mS - ne l0Wer aIkylidene m *>™ a strafgM cTain 5 

Se^s^^ 

Throughout the present description and the claims, the B-D-glucopyranosyl group has the following structure: 




30 



EXAMPLES 

35 *^ P £Z*ST M * * the followin9 Examples and Reference Examp,es - 1301 shouw n * be 

Example 1 



40 



45 



SO 



^.rf^*'!: 4,6 "^; 0 *^ (120 g) is dissolved in a 

chilled m ,xture of ethanol (1.2 /) and 50 % aqueous potassium hydroxide solution (240 g). and thereto ^ eSeS 5 

region solution are added 4-dimethybminopyridine (29.5 g, and 10 % platinum-Son (23.5? g). rtxture fe 

stirred at room temperature for 4.5 hours under atmospheric pressure of hydrogen gas The catalyst isVemoIedby f 0 

Z^T^Z , T e ' , ** ° r9an,C layef is washed with water, a saturated aqueous sodium 

£22 *L 1* 50 Uto " > T d 3 88tUrated aqueous chloride solution. The washed aqueous layer is 

T^Sr? ^TTi thB ° r9aniC lay6rS are Combined - dried - and concentrated under reduced pressure 
^SSSXS!^4T Water ' ethan °' to *" ^^^ranyO^HP-D^lucopyram^ 



m.p. 152.5-154°C 
ESI-MS (m/z): 476 [(M+NH 4 ) + J 
IR (nujol. cm 1 ): 3560. 3510. 3350, 3270. 1630 



3T3 S 22 ^/SKi J ; 7 - 4, 1,16 unit 01 J - is * *. same). 

: AV • 3 - 71(1H ' dddl J " 2 0> 5 S - 12 >- 4 59 1H ' J=58 )- 4 98 (1H d. J=7.3), 5.05 (1H d J=5 1) 5 12 MH 
d, J=4.6). 5.29 (1H. d. J-5.1). 6.40 (1H. d. J=0.4). 6.54 (1H, s). 6.88 (1 H. dd J=0 9 2 2) 7 22 (1 H dd J-^ 8 8 41 
7.46 (1H. d, J-8.6). 7.53 (1H. d, J-1.5). 7.93 (1H. d. J=2.2). 1 .90 (1H s) ( ' ' * * >' 
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Example? 



(1) 3-(5-Berao[b]furanyO-2H0-D^li^^ (2.50 g) is dissolved in 

acetone (20 ml), and thereto are added potassium carbonate (2.13 g) and ally! bromide (933 mg), and the mixture 
is ref luxed for 6 hours. After cooling, the reaction mixture is poured into ice-water, and the mixture is extracted with 
ethyl acetate. The organic layer is washed with water, dried, and concentrated under reduced pressura The result- 
ing residue is purified by silica gel column chromatography (solvent; chlorofornVmethanol) to give Zi5- 
ber*o[b]furanyO-2HP-^ (1 .63 g). 

ESI-MS (m/2): 521 [(M+Na)*], 516[(M+NH 4 ) + ] 
IR (neat, cm* 1 ): 3019, 1691, 1609 

NMR (DMSO-ds) 8: 2.28 (3H, s), 2.92-3.02 (2H, m), 3.04-3.32 (6H, m), 3.40-3.50 (1H, m), 3.66-3.74 (1H m) 
4.50 (2H, dt, J=1.5. 5.0). 4.57 (2H, t(br)), 4.87 (1H, d. J=7.7), 5.03 (1H, d, J=4.8). 5.09 (1H. d(br)), 5.16 (1H, 
ddt J=10.4, 1.7, 1.5). 5.23 (1H, br), 5.26 (1H, ddt J=17.4, 1.7, 1.5). 5.90 (1H. ddt. J=17.4, 10.4. 5.0), 6.56(1H 
s), 6.66 (1H, s), 6.88 (1H, dd, J=0.9, 2.2), 7.18 (1H, dd, J-1.7, 8.4), 7.45 (1H, d, J=8.4), 7.49 (1H, d, J=1.3), 
7.93(1H,d,J=2.2) 



(2) 3-(5-Benzo[bJfuranyl)-2XP-D-glucopv^ (500 mg) is dissolved in 
2,4,6-coliicfine (5 ml), and the mixture is cooled to — 40°C with dry ice-acetone, and thereto is added dropwise a 
solution of methyl chloroformate (1 14 mg) in dichloromethane (0.5 ml) with stirring. The mixture is stirred at — 40°C 
for one hour, and stirred at room temperature for 1.5 hour. The reaction mixture is poured into cold 10 % aqueous 
citric acid solution, and the mixture is extracted with ethyl acetate. The organic layer is washed with water, dried, 
and concentrated under reduced pressure. The resulting residue is purified by silica gel column chromatography 
(solvent; chlorofornVmethanol) to give 3K5-benzo[b]furany0-2'-(6-O-methoxyra 
allyloxy^'-methylpropiophenone (487 mg). 

ESI-MS (m/z): 579 [(M+Na) 4 ] 
IR (neat, cm* 1 ): 3401, 1751, 1609 

NMR (DMSO-de) 8: 2.27 (3H, s), 2.92-2.99 (2H, m), 3.02-3.32 (5H, m), 3.57-3.62 (1H, m), 3.64 (3H, s), 4 13 
(1H, dd. J=6.8. 11.4), 4.38 (1H. dd, J-1.7, 11.4), 4.50 (2H, dt, J=5.0, 1.5), 4.91 (1H, d. J=7.7), 5.16 (1H ddt 
J=10.6, 1.8, 1.5). 5.21 (1H, d, J=5.0), 5.26 (1H, ddt J=17.4, 1.7, 1.6), 5.35 (2H, d, J*5.7), 5.89 (1H ddt 
J-17.2, 10.6, 4.9). 6.57 (1H, s), 6.61 (1H, s), 6.87 (1H, dd, J=0.9. 2.2), 7.16 (1H, dd, J-1.8. 8.4), 7.45 (1H, d, 
J=8.4), 7.47 (1H,s), 7.93 (1H,d,J=2.0) 

(3) 3-(5-Benzo[b]furany1)-2M6-0-methoxy^ 

(470 mg) is dissolved in acetonitrile (7 ml), and thereto are added dichlorobis(triphenylphosphine)pailadum (II) 
(17.7 mg) and ammonium formate (319 mg), and the mixture is heated under reflux overnight. After cooling, the 
insoluble materials are removed by filtration, and the filtrate is concentrated. To the residue are added ethyl acetate 
and water, and the mixture is shaken. The organic layer is separated, washed with water, dried, and concentrated 
under reduced pressure. The residue is purified by silica gel column chromatography (solvent; chloroform/metha- 
nol) to give 3-(5-beri2o[b]furanyl)-2 , -(6-0-methoxycarbc^-p-D-glucopyran 
ophenone (370 mg). 



ESI-MS (m/z): 539 [(M+Na) 4 ], 534 [(M+NH 4 ) 4 ] 
IR (nujol, cm" 1 ): 3200-3500, 1714 

NMR (DMSO<J 6 ) 8: 2.23 (3H, s), 2.99 (2H, t. J=7.4), 3.14-3.42 (5H, m), 3.65 (3H, s), 3.63-3.69 (1H, m) 4 16 
(1 H, dd, J=6.6, 11.5), 4.39 (1 H, dd, J=2.0, 1 1 .5), 5.02 (1 H, d, J=7.5), 5.25 (1 H, d, J=5.0), 5.37 (1 H, d, J=5 3) 
5.39 (1H, d. J=5.3), 6.42 (1H, s). 6.50 (1H, s), 6.88 (1H. dd. J=0.9, 2.2), 7.20 (1H, dd, J-1.7, 8.4), 7.47 (1H d 
J=8.4), 7.51 (1 H, d. J=1 .3). 7,93 (1 H, d. J-2.2), 1 1 .80 (1 H. s) ' 



Examples 3-9 



(1) The corresponding starting compounds are treated in the same manner as in Example 2-(2) to give the com- 
pounds as listed in Tables 1 ^4. 
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Table 1 




Ex. No 



3-(l) 



4-(l) 



• | R' 
CH 3 CH 2 OCO- 


Physicochemical properties 

FAB-MS (m/z): 571 [(M+H)+] " 
IR (neat, cm-"): 3397, 1747, 1697, 1609 

»M * "IS?- t, J=7.1), 2.28 (3H, 
s), 2 92-2.99 (2H, m), 3.32-3.34 (5H, m) 3 61 (1H 
m), 4.05 (2H, q, J=7.1), 4.11 (1H, dd 7=7 6 1 7^' 
4.37 (1H, dd, J=1J, H.7), 4.55 OH dl JM9 

W J' 1 . 9 J=51 >. 5.25 (1H, ddt, 
J=17.4, 1.8, 1.7), 5.38 (2H, d, J=5 5) 5 «9 riH 

6.87 (1H, dd, J=0.9, 2.2), 7.16 (1H dd J-l 7 
6 111) m ' * J=8>6) ' 7 47 ( 1H m > 7 93 (1H, 


CH 3 (CH 2 ) 2 OCO- 


ESI-MS (m/z): 602 [(M+NH 4 )+] 

IR (neat, cnv 1 ): 3402, 1747, 1697 1609 

NMR (DMSO-d 6 ) 6: 0.83 (3H, t J=7 5) 1 54 f2H 

(1H, dd, J=7.0, 11.7), 4.37 (1H, dd J=l 711 7) 
4.50 (2H, dt, J=4.9, 1.5), 4.91 (1H d j-77 5 Ifi 
(1H, ddt, J=10.6, i g, 15), 5 2 (V'd J-5 n 

UH 2? 1V?Xk \\ ll) > ^(2HmX5.89 

J-1.8, 8.4), 7.45 (1H, d, J=8.4), 7.47 (1H d 
J=2.0), 7.93 (1H, d, J=2.2) 1 ' ' 
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Table 2 



H0 1>H 


Ex. No. 


Rl 


Physicochemical properties 


5-(l) 


^>-oco— 


ESI-MS (m/z): 602 [(M+NH^+J 

ER (neat, cm- 1 ): 3400, 1743, 1698, 1609 

NMR (DMSO-d 6 ) 5: 1.15, 1.17 (3H each, both d, 

J=6.5), 2.29 (3H, s), 2.93-2.99 (2H, m), 3.03-3.30 

fSW m\ 3 £ft HH AAA T— 0 ft T ft ft ft\ i in /iu 

^n, mj, j.ou iin, aaa, J=/.U, 7.0, 9.0), 4.10 (In, 
dd, J=7.0, 11.5), 4.35 (1H, dd, J=2.0, 11.5), 4.50 
(2H, dt, J=5.0, 1.5), 4.70 (1H, heptet, J=6.5), 4.91 
(1H, d, J=7.5), 5.16 (1H, ddt, J=10.5, 3.5, 1.5), 
5.18 (1H, d, J=5.5), 5.26 (1H, ddt, J=17.5, 3.5, 
1.5), 5.34 (2H, d, J=5.5), 5.89 (1H, ddt, J=17.0, 
10.5, 5.0), 6.57 (1H, s), 6.63 (1H, s), 6.87 (1H, dd, 
J=1.0, 2.0), 7.16 (1H, dd, J=1.5, 8.5), 7.45 (1H, d, 
J=8.5), 7.47 (1H, d, J=1.5), 7.93 (1H, d, J=2.0) 


6-(l) 


CH 3 (CH 2 ) 3 OCO- 


ESI-MS (m/z): 616 t(M+NH 4 ) + ] 
IR (nujol, cm- 1 ): 3470, 3280, 1750, 1700 
NMR (DMSO-d 6 ) 5: 0.84 (3H, t, J=7.3), 1.27 (2H, 
m), 1.51 (2H, m), 2.28 (3H, s), 2.96 (2H, m), 3.0- 
3.4 (5H, m), 3.60 (1H, m), 4.00 (2H, dt, J=1.0, 
6.6), 4.11 (1H, dd, J=6.7, 11.6), 4.37 (1H, dd, 
J=1.7, 11.5), 4.50 (2H, dt, J=4.9, 1.5), 4.91 (1H, d, 
J=7.7), 5.16 (1H, ddt, J=10.5, 1.7, 1.5), 5.20 (1H, 
d, J=5.1), 5.25 (1H, ddt, J=17.3, 1.7, 1.7), 5.34 
(1H, d, J=5.3), 5.35 (1H, d, J=5.7), 5.89 (1H, ddt, 
J=17.4, 10.5, 5.5), 6.58 (1H. s), 6.63 (1H, s), 6.87 
(1H, dd, J=0.9, 2.2), 7.16 (1H, dd, J=1.7, 8.4). 
7.45 (1H, d, J=8.5), 7.46 (1H, d, J=2.0), 7.93 (1H, 
d, J=2.2) 
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Table 3 




CH3CO- 



ch 3 o' 



FAB-MS (m/z): 541 [(M+H)+l 



Sfn e ^ Cra ): 3400 - 1750, 1700 
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Table 4 











CH 3 ^ 

r'o 






H0 Ah 


Ex. No. 


Rl 


Physicochemical properties 


9-0) 


CH 3 OCH 2 CO- 


ESI-MS (m/z): 588 [(M+NH^+J 
IR (neat, cirri): 3409, 1755, 1699, 1609 
NMR (DMSO-d 6 ) 5: 2.29 (3H, s), 2.94-3.00 (2H, 
m). 3.03-3.34 (5H, m), 3.23 (3H, s), 3.58-3.64 (1H, 
m), 3.93 (1H, d, J=16.5), 4.01 (1H, d, J=16.7), 
4.12 (1H, dd, J=6.9, 11.7), 4.40 (1H, dd, J=1.8, 
11.7), 4.50 (2H, dt, J=4.9, 1.5), 4.93 (1H, d, 
J=7.5), 5.16 (1H, ddt, J=10.6, 1.8, 1.5), 5.21 (1H, 
d. J=5.5), 5.26 (1H, ddt, J=17.4, 1.8, 1.7), 5.33 
(2H, m), 5.89 (1H, ddt, J=17.4, 10.6, 5.0), 6.58 
(1H, s), 6.62 (1H, s), 6.87 (1H, dd, J=0.9, 2.2), 
7.17 (1H, dd, J=1.7, 8.4), 7.45 (1H, d, J=8.4), 7.48 
(1H, d, J=1.5), 7.93 (1H, d, J=2.0) 



(2) The compounds as listed in Tables 5-8 are obtained in the same manner as in Example 2-(3). 
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Table 5 



"V 

H0 T>H 


Ex. No. 


Rl 


Physicochemical properties 


3-(2) 


CH 3 CH 2 OCO- 


rAB-Mi (m/z): 531 [(M+H) + J 
IR (nujol, cm-i): 3300-3500, 1733 
NMR (DMSO-d 6 ) 8: 1.15 (3H. t, J=7.1), 2.24 (3H, 
s). 2.99 (2H, t, J=7.4), 3.14-3.42 (5H. m), 3.62- 
3.69 (1H, m), 4.06 (2H, q, J=7.1), 4.14 (1H, dd. 
J=7.0, 11.7), 4.38 (1H, dd, J=2.2, 11.7), 5.02 (1H. 
d, J=7.3), 5.24 (1H, d, J=4.8), 5.36 (1H, d, J=5.5), 
5.38 (1H, d, J=5.3), 6.41 (1H, s). 6.51 (1H, s), 6.87 
(1H, dd, J=0.9, 2.2), 7.20 (1H, dd, J=1.8, 8.4), 
7.46 (1H, d, J=8.4), 7.51 (1H, d. J=1.3), 7.93 (1H, 
d.J=2.2), 11.8 (lH,s) 


4-(2) 


CH 3 (CH 2 ) 2 OCO- 


ESI-MS (m/z): 562 [(M+NH 4 ) + ] 
IR (neat, cnr 1 ): 3432, 1746, 1631 
NMR (DMSO-d 6 ) 8: 0.83 (3H, t, J=7.4), 1.55 (2H, 
m), 2.24 (3H. s), 2.99 (2H, t, J=7.3), 3.16-3.33 
(3H, m), 3.39 (2H, m), 3.66 (1H, m), 3.97 (2H, t, 
J=6.6), 4.14 (1H, dd, J=6.8, 11.7), 4.38 (1H, m), 
5.02 (1H, d, J=7.3), 5.25 (1H, d, J=4.8), 5.37 (1H, 
d, J=5.3), 5.40 (1H, d, J=5.1),6.41 (1H, s), 6.52 
(1H, s), 6.87 (1H, dd, J=0.9, 2.2), 7.20 (1H, dd, 
J=1.7, 8.4), 7.46 (1H, d, J=8.4), 7.51 (1H, d, 
J=1.3), 7.93 (1H, d, J=2.2), 11.8 (1H, s) 
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Table 6 





Ex. No. 


Rl 


! Physicochemical properties 


5-(2) 


^>-oco-- 


ESI-MS (m/z): 562 [(M+NH^+J 
1R (nujol cm-»): 3603, 3489, 3421, 3291, 1711, 1619 
NMR (DMSO-d 6 ) 5: 1.15, 1.17 (3H each, both d, 
J=6.5), 2.25 (3H, s), 2.99 (2H. t, J=7.5), 3.17-3.42 
(5H, m), 3.64 (1H, ddd, J=2.0, 7.0, 9.0), 4.12 (1H, 
dd, J=7.0, 11.5), 4.36 (1H, dd, J=2.0, 11.5), 4.71 
(1H, heptet, J=6.5), 5.02 (1H, d, J=7.5), 5.24 (1H, 
d, J=5.0), 5.37, 5.40 (1H each, both d, J=5.5), 6.40, 
6.52 (1H each, both s), 6.88 (1H, dd, J=1.0, 2.0), 
7.20 (1H, dd, J=2.0, 8.5), 7.46 (1H, d, J=8.5), 7.51 
(1H. d,J=2.0), 7:93 (1H, d, J=2.0), 11.80 (1H, s) 


6-(2) 


CH 3 (CH 2 ) 3 OCO- 


ESI-MS (m/z): 576 [(M+NH 4 )+] 
IR (nujol, cm- 1 ): 3400, 1745, 1630 
NMR (DMSO-dg) 8: 0.83 (3H, t, J=7.3), 1.27 (2H, 
m), 1.51 (2H, m), 2.24 (3H, s), 2.99 (2H, t, J=7.6), 
3.1-3.4 (5H, m), 3.66 (1H, m), 4.02 (2H, t, J=6.6), 
4.14 (1H, dd, J=6.8, 11.5), 4.38 (1H, dd, J=1.5, 
11.5), 5.02 (1H, d, J=7.5), 5.24 (1H, d, J=4.9), 
5.37 (1H, d, J=5.3), 5.39 (1H, d, J=5.1), 6.41 (1H, 
s), 6.52 (1H, s), 6.87 (1H, dd, J=l.l, 2.2), 7.20 
(1H, dd, J=1.7, 8.6), 7.46 (1H, d, J=8.6), 7.51 (1H, 
d, J=1.3), 7.93 (1H, d, J=2.2), 11.80 (1H, s) 
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Table 7 





(l 


OH 0 




II 

"1 






HO 


OH 


Ex. No. 




Physicochemical properties 


7-(2) 


CH3CO- 


m.p. 86"C - (gradually decomposed) 

FAB-MS (m/z): 523 [(M+H) + ] 

IR (nujol, cm-i): 3400-3500, 1738, 1713 

NMR (DMSO-dg) 8: 1.97 (3H, s), 2.25 (3H, s), 2.99 

(2H, t, J=7.7), 3.14-3.49 (5H, m), 3.63 (1H, m), 

4.03 (1H, dd, J=7.1, 14.3), 4.44 (1H, m), 5.01 (1H, 

d, J=7.5), 5.25 (1H, d, J=4.8), 5.33 (1H, d, J=5.5), 

5.39 (1H, d, J=5.1), 6.41 (1H, s), 6.51 (1H, s), 6.88 

(1H, dd, J=0.9, 2.2), 7.21 (1H, dd, J=1.8, 8.4), 

7.47 (1H, d, J=8.4), 7.52 (1H, d, J=1.3), 7.94 (1H, 

d, J=2.2), 11.7 (lH.s) 


8-(2) 


CH 3 0^- OC °- 


ESI-MS (m/z): 578 [(M+NH 4 ) + ] 
IR fneat cm -1 V 3430 1750 1630 

11\ yiAVClt-y Will J « •/~«/V) A 1 t/V| 1UJU 

NMR (DMSO-dg) 8: 2.24 (3H, s), 2.99 (2H, t. 
J=7.3), 3.15-3.45 (5H, ra), 3.21 (3H, s), 3.48 (2H, 
ra), 3.63 (1H, m), 4.14 (3H, m), 4.40 (1H, dd, 
J=1.9, 11.4), 5.02 (1H, d, J=7.3), 5.23 (1H, d, 
J=4.9), 5.36 (1H, d, J=5.3), 5.38 (1H, d, J=5.1), 
6.41 (1H, d, J=0.7), 6.52 (1H, d, J=0.7), 6.87 (1H, 
dd, J=l.l, 2.2), 7.20 (1H, dd, J=1.8, 8.4), 7.46 
(1H, d, J=8.4), 7.51 (1H, d, J=l.l), 7.92 (1H, d, 
J=2.2), 11.80 (1H, s) 
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Table 8 



5 




f 


OH O 


10 




r'o- 




15 




HO 


OH 




Ex. No. 


Ri 


Physicochemical properties 


20 
25 
30 


9-(2) 


CH 3 OCH 2 CO- 


m.p. 65-68'C 

ESI-MS (m/z): 548 [(M+NHJ+J 
IR (nujol, cm-0: 3475, 1751, 1630 
NMR (DMSO-de) 6: 2.25 (3H, s), 2.99 (2H, t, 
J=7.5), 3.15-3.42 (5H, m), 3.24 (3H, s), 3.67 (1H, 
m), 3.96 (1H, d, J=16.5), 4.02 (1H, d, J=16.7), 
4.14 (1H, dd, J=6.9, 11.7), 442 (1H, dd, J=1.7, 
11.7), 5.02 (1H, d, J=7.3), 5.26 (1H, d, J=4.8), 
5.36 (1H, d, J=5.5), 5.39 (1H, d, J=5.3), 6.41 (1H, 
s), 6.50 (1H, s), 6.88 (1H, dd, J=0.9, 2.2), 7 20 
(1H, dd, J=1.7, 8.4), 7.47 (1H, d, J=8.4), 7.51 (1H, 
d, J=1.5), 7.94 (1H, d, J=2.2), 11.76 (1H, s) 



35 

Example 10 



40 mJL t^^S^ -^""l*™™^^ (400 mg) is dissolved in tri- 

40 meW ortho-acetate (5 ml), and thereto is added pyridihium p-toluenesulfonate (22 mg). and thTmixture is stirred at 
room temperature for one hour. The reaction mixture is diluted with ethyl acetate and poured into S^Sim 

far^Sl^T ^ PreSS T Ttle feSidue fe purHied * «*» ^ «*™ chromatography (solvent; chloro- 

ESI-MS (nvz): 537 [(M+Na)*], 515 [(M+H)*J 
IR (nujol. cm" 1 ): 3423. 1631 

NMR (DMSCWs) 8: 1.40 (3H, s). 225 (3H. s). 2.99 (2H. t, J=7.5). 3.23 (3H s) 3 26-3 82 f8H ml S 1a tin h 

J=1.7. 8.4). 7.47 (1H.d.J=8.4). 7.51 (1H.d.J=1.3). 7.94 (1H.d.J=2.2), 11.7 (1H.s) •«P".Ofl, 
Example 11 



55 



2h^£^^^^ O- 87 9) is suspended in 

2*12 " d P-toluenesu«onic add (78 mg) and benzaJdehjSe dinSy. acetal 

iS, r ?2, temperatur j e ' 106 m,xture te * «»" temperature for 1 .5 hour. The mixture is concentrated 
under reduced pressure, and to the residue are added ethyl acetate and a saturated aqueous sodium hydrogen 



24 



EPO 850 948 A1 



carbonate solution. The mixture is shaken, and the organic layer is separated, washed with water, dried, and con- 
centrated under reduced pressure. The residue is purified by silica gel column chromatography (solvent; chloro- 
form/acetone) to give 3-(5*enzo[b]furariyl)-2 , -(4 l 6-0-benzylidene-p-D-glucopv^ 
methyipropiophenone (2.03 g). 

ESI-MS (m/z): 569 [(M+Na) + ], 547 [(M+H) 4 ] 
IR (neat, cm* 1 ): 3450,1631 

NMR (DMSO-d 6 ) 8: 2.09 (3H, s), 3.01 (2H. t, J=7.4), 3.34-3.48 (4H, m), 3.58-3.70 (3H, m), 4.23 (1H, m) f 5.22 
(1H, d. J=7.7), 5.51 (1H, d, J=4.9), 5.59 (1H, s), 5.64 (1H, d, J=5.5), 6.42 (1H, s), 6.59 (1H, s), 6.90 (1H, dd, 
J=0.9, 2.2), 7.22 (1H, dd, J=1.8. 8.4), 7.36-7.53 (7H, m), 7.95 (1H, d, J=2.2), 11.80 (1H. s) 

(2) 3-<5-Benzo[b]furany0-2 , -(4,6-O-benzylidene-p-D-glucopyranosyloxy)-6'-^ (1 .00 
g) is dissolved in N,N-dimettylformamide (10 ml), and thereto are added imidazole (747 mg) and t-butyldimethyl- 
chlorosilane (827 mg). The mixture is stirred at room temperature for 13 hours, and poured into ice-water. The mix- 
ture is extracted with ethyl acetate, and the organic layer is washed with water, dried, and concentrated under 
reduced pressure. The residue is purified by silica gel column chromatography (solvent; hexane/ethyl acetate) to 
give 3-{5-beruo[b]furany0-2'-(3-O-t-b^ 

ylsilyloxy-^-methytpropiophenone (1.06 g). 

FAB-MS (m/z): 797 [(M+Na)*] 
IR (nujol, cm' 1 ): 3459. 1691, 1610 

NMR (DMSO-d 6 ) 6: 0.01 (3H, s), 0.08 (3H, s), 0.18 (6H, s), 0.86 (9H, s), 0.89 (9H, s), 2.28 (3H, s), 2.93-3.02 
(2H, m), 3.04-3.15 (2H, m), 3.28 (1H, m), 3.44 (1H, m), 3.62 (2H, m), 3.74 (1H, t J=8.8). 4.18 (1H, m), 5.18 
(1H, d, J=7.9), 5.56 (1H, d, J=7.0). 5.58 (1H, s), 6.40 (1H, s), 6.71 (1H, s), 6.88 (1H, dd, J=0.9, 2.2), 7.17 (1H, 
dd, J=1.8, 8.6), 7.36-7.49 (7H, m), 7.93 (1H, d, J=2.2) 

(3) 3-(5-Benzo[b]furanyl)-2X30-t4)uty^^ 

silyloxy^'-methyipropiophenone (1 .04 g) is dissolved in pyridine (5.4 ml), and thereto is added acetic anhydride 
(2.7 ml). The mixture is stirred at room temperature overnight and poured into chilled 10 % aqueous citric acid 
solution. The mixture is extracted with ethyl acetate, and the organic layer is washed with water and a saturated 
aqueous sodium hydrogen carbonate solution, dried, and concentrated under reduced pressure to give 3-(5- 
benzo[b]furanyl)-2'-(2-0-acetyl-3-0-t-b^ 
imethylsflyloxy^'-methylpropiophenone ( 1 .09 g) . 

ESI-MS (m/z): 840 [(M+Na)*] 
IR (neat, cm* 1 ): 1753, 1705, 1609 

NMR (DMSO-d 6 ) 6: -0.04 (3H, s), 0.00 (3H, s), 0.17 (3H, s), 0.17 (3H, s), 0.78 (9H, s), 0.86 (9H, s). 2.02 (3H, 
s), 2.28 (3H, s), 2.80-3.02 (4H, m), 3.62 (1H, t, J=9.0), 3.70-3.85 (2H, m), 4.04 (1H, t J=9-2), 4.29 (1H, dd, 
J=3.7, 8.8), 4.93 (1 H, t, J=9.0), 5.38 (1 H, d, J-8.1). 5.65 (1 H, s), 6.42 (1 H, s), 6.65 (1 H, s), 6.90 (1 H, dd. J=0.9, 
2.2), 7.15 (1H, dd, J=1.8, 8.6), 7.37-7.47 (6H, m), 7.50 (1H, d, J=8.6), 7.94 (1H, d, J*2.2) 

(4) 3-(5-Benzotb]furany0-2 , -(2-O-acetyl-3-O-t-butyldimethylsilyl-4,6-O-benzylide 

butyldimethylsilyloxy^-methytproptophenone (1.07 g) is dissolved in a mixture of tetrahydrofuran (23 ml) and ace- 
tic acid (2.3 ml), and thereto is added tetra-n-butylammonium fluoride (685 mg), and the mixture is stirred at room 
temperature for 25 minutes. The reaction mixture is concentrated, and the residue is dissolved in ethyl acetate, and 
poured into ice-water. The organic layer is washed with water, dried, and concentrated under reduced pressure to 
give 3-(5-benzo[b]furany0-2 , -(2-O-acetyl-3-O-t-butyldimethylsil^ 
hydroxy-4'-methylpropiophenone (968 mg). 

FAB-MS (m/z): 725 [(M+Na)*] 
IR (neat, cm" 1 ): 1753, 1634 

NMR (DMSO-d 6 ) 6: -0.05 (3H, s), 0.00 (3H, s). 0.78 (9H, s), 2.03 (3H, s). 2.24 (3H. s), 2.92-2.99 (2H, m), 3.05- 
3.1 1 (2H t m), 3.60 (1 H, t, J«9.1), 3.72 (1 H, t J=9.3), 3.77-3.85 (1 H, m), 4.04 (1 H, m), 4.27 (1 H, dd, J«4.2, 9.2), 
4.95 (1 H, t, J=8.5), 5.46 (1H. d, J=8.1), 5.64 (1H, s), 6.42 (1H, s), 6.52 (1 H, s), 6.89 (1 H, dd, J=0.9, 2.2), 7.20 
(1H, dd. J-1.7, 8.3). 7.36-7.46 (5H, m), 7.50 (1H, d, J«8.3), 7.51 (1H. m), 7.94 (1H, d. J=2.2). 10.7(1H. s) 

(5) 3-(5-Beruo[b]furany0-2 , -(2-O-acetyl-3-O-t-butyldimetrTylsilyl-4,6-O-ben^ 

hydroxy-4 , -methylpropiophenone (958 mg) is dissolved in acetic acid (35 ml), and thereto are added water (4 ml) 
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and ^toluenesultonic add (75 mg). and the mixture is stirred at room temperature for four days. The reaction mix- 
S ITTT '5™ t& (700m,) ' andthe mixture fe extracted wHh ethyl acetate. The organic layer is wasS 
wrth water dried, and concentrated under reduced pressure The residue is purified by silica gel coLn dram* 

M.p. ICCC - (gradually melting) 
ESI-MS (m/z): 518 [{M+NHJ*] 
IR (nujol, cm" 1 ): 3100-3510. 1752 

NMR (DMSOoy 5: 1.99 (3H. s), 2.22 (3H. s). 2.90-2.97 (2H. mj. 3.03-3 11 (2H m) 3 21-3 31 <1H ml s *> 
3.53 PH. m). 3.72 (1H. m). 4.67 (1H. t J=5.6). 4.78 (1H. dd. 11? S 520 MH d M 1 i 28 M H i d 
J=5.3). 5.36 (1H. d. J=5.5). 6.39 (1H. s). 6.52 (1H. s). 6 88 (1H dd. J^0 9 2 2) 7 8 (1H M J-\ f 8 41 747 
(1H. d. J=8.4). 7.50 (1 H. d. J=1 .3). 7.93 (1H. d. J=2.2). 10.86 ( " >? 



Example 12 



Kjt!^^^^ (2 02 

g) is dissdvtf ,n pyndine (20 ml), and thereto is added acetic anhydride (2*7 g) The mixture festi^ mom 

M.p. 200-203°C 

ESI-MS (m/z): 690 [(M+NH 4 ) + ] 

IR (nujol, cm" 1 ): 1764, 1747, 1699, 1619 

Xm?31£l£IR& Z ;°! fSf 202 {3Hl S) ' 234 (3H " S) " 2 87 " 303 W m). 3.76 (1 H. t. J=9.9). 
^ '^i, =' oo 7. /. K v 3 - 97 0 H> dd ' J=4 5 ' 99) * 4 44 < 1 H ' **• J=4 - 6 ' ^ O). 5.07 (1 H. dd. J-7 9 8 1> 540MH 
J=9.4). 5.63 (1K s). 5.68 (1H. d. J=7.9), 6.74 (1H. s). 6.91 (1H. dd J=0 9 2 2) TOO flH si 717MH rirf 
J-1.8. 8.6). 7.39 (5H. s). 7.49 (1H. d. J=1.3). 7.51 (1H. d, J J.4). 7S5 (1H d. Slj ' * ' ' ' 

(2) ^( 5 - B enzo[b]fur^ 

aod (58 mg) The mixture is stirred at room temperature for 20 hours, and poured into ice-water (800 ml) The m£ 

ZSUFSZ far one hour> and *• precipitated insc,uble «^«^i«13^Sffirt 

d.sso^,n ethyl acetata The organic layer is washed with a saturated aqueous sodium hSSSrboSTsS? 

ESI-MS (m/z): 602 [(M+NH 4 ) + ] 
IR (nujol, cm* 1 ): 3404, 1 751 

fclJW •pK s) 2.00 (3H. S). 2.00 (2H.S). 2.31 (3H. s). 2.84-3.1 1 (4H. m). 3.48-3.57 (2H m) 
3.64-3.77 (2H. m). 4.77 (1H. t. J=5.8). 4.89 (1H. dd. J=8.1, 9.7). 5.10 (1H t J-9 7^ 5 50 1H d L* « , « « 

STABKSS 1 * SM (,H * **• ** 700 <* * " & £5 %5Zm 

Example 13 

(1)3-(5-Beriz^Jforanyl>2-{2.3-di^acetyU.6<M > er^a 

ophenone (671 mg) is dissolved in a mixture of tetrahydrofuran (5 ^SSS fo?2?X 

SJ^wS^r CartX>na,e (419 ^ ^ ^tS^rLlenSSTe KoS 
^ ^rJlJf.^ 18 ***** ^ acetate - Wc byer is washed with water £2 

HiSJSSTf, redU ^ P l eSSUre - The resWue is P^Wed by silica gel column chmmat^fsS^ 

M.p. 187-189°C 
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ESI-MS (m/z): 648 [(M+NH 4 ) + ] 
IR (neat cm 1 ): 1754, 1633 

NMR (DMSO-de) 8: 1.97 (3H. s), ^01 (3H, s), 2.25 (3H, s), 2.90-2.98 (2H, m), 3.01-3.09 (2H, m). 3.76 (1H, t 
J=9.9), 3.88 (1H, t, J=9.4), 3.95 (1H, dd, J=4.6, 9.5), 4.32 (1H, dd, J=4.6, 10.1), 5.05 (1 H, dd, J=7.9. 9.3), 5.40 
5 (1H, t J=9.3), 5.63 (1H, s), 5.63 (1H, d, J=7.9), 6.43 (1H, s), 6.53 (1H, s), 6.90 (1H, dd, J=0.9, 2.2), 7.19 (1H, 

dd, J«1 J, 8.6), 7.39 (5H, s). 7.50 (2H. m), 7.95 (1H, d. J=2.2), 10.70 (1H, s) 

(2) S^SBenzoIbJfuranyO-^-^.SKiO-ace^ 

piophenone (395 mg) is dissolved in acetic acid (14 ml), and thereto are added water (1 .4 ml) and p-toluenesuffonic 
to acid (12 mg). The mixture is stirred at room temperature for two days, poured into ice-water, and allowed to stand 
for one hour. The colorless precipitates are collected by filtration, and dissolved in ethyl acetate. The mixture is 
washed with water, dried, and concentrated under reduced pressure to remove the solvent. The residue is purified 
by silica gel column chromatography (solvent; chloroform/methanol) to give 3-{5-bereo[b]turanyl)-2'-(2,3-di-0- 
acetyl-p-D-glua>pyranosyloxy)-6'-h^r^ (297 mg). 

15 

M.p. 15M53°C 

ESI-MS (m/z): 560 t(M+NH 4 ) + ] 

IR (nujol, cm" 1 ): 3543. 3288, 1751, 1729 

NMR (DMSO-d 6 ) 6: 1.91 (3H. s). 1.99 (3H, s), 2.23 (3H, s), 2.89-2.96 (2H, m), 3.02-3.09 (2H, m). 3.46-3.80 
20 (4H. m), 4.75 (1H, t, J=5.7), 4.88 (1H. dd. J=8.0. 9.8). 5.09 (1H, t. J=9.4). 5.43 (1H, d, J=8.0). 5.58 (1H, d. 

J=5.7), 6.41 (1H, s). 6.54 (TH. s). 6.88 (1H, dd. J=0.9, 2.2), 7.17 (1H, dd. J=1.8. 8.4), 7.47 (1H. d, J=8.9). 7.49 
(1H, S), 7.94 (1H, d, J=2.2), 10.48 (1H, s) 

Example 14 

25 

(1) 3-(5-Benzo[b]furanyl)-2 , -(4,6-0-benzylidene-p-D-glu(»pyranosyloxy)-6'-r^ (600 
mg) is dissolved in N,N-dimethylacetamide (4 ml), and thereto is added triethyiamine (123 mg). To the mixture is 
added dropwise a solution of methyl chloroformate (115 mg) in N.N-dimethylacetamide (2 ml) under ice-cooling 
over a period of 40 minutes. The mixture is stirred at the same temperature for 10 minutes, and poured into chilled 

30 10 % aqueous citric acid solution, and extracted with ethyl acetate. The organic layer is washed with water, dried, 
and concentrated under reduced pressure. The residue is purified by silica gel column chromatography (solvent; 
chloroform/methanol) to give 3-(5-benzo[b]turany1)-2'-(4,6-0-bera^ 
bonyloxy^'-methylpropiophenone (637 mg). 

35 ESI-MS (m/z): 622 [(M+NH 4 ) + ] 

IR (nujol. cm' 1 ): 3383, 1762, 1689, 1618 

NMR (DMSOde) 5: 2.34 (3H, s). 2.92-2.98 (2H, m). 3.05-3.25 (2H. m), 3.33-3.47 (2H. m). 3.54-3.70 (3H. m), 
3.75 (3H. s). 4.22 (1H, m). 5.28 (1H, d. J=7.9). 5.51 (1H. d. J-5.3). 5.57 (1H, s). 5.68 (1H, d, J=5.9), 6.81 (1H, 
S), 6.91 (1 H. dd. J=0.9, 22), 7.09 (1 H, s). 7. 1 9 (1 H, dd. J=1 .7. 8.6), 7.37-7.48 (5H, m), 7.50 (1 H, d. J=8.6), 7.50 
40 (1 H, d, J=1 .7), 7.95 (1 H, d. J=2.2) 

(2) 3-(5-Benzo[b]Turanyl)-2X4,6-0-benzylide 

ophenone (618 mg) is dissolved in acetic acid (60 ml), and thereto are added water (1 .4 ml) and p-toluenesuffonic 
acid (19 mg), and the mixture is stirred at room temperature overnight. The reaction mixture is poured into ice- 
45 water, and extracted with ethyl acetate. The organic layer is washed with a saturated aqueous sodium hydrogen 
carbonate solution, dried, and concentrated under reduced pressure. The residue is purified by silica gel column 
chromatography (solvent; chloroform/methanol) to give S-tS-benzoIblfuranylJ-a'^p-D-gluc^pyranosytoxyJ-e'-meth- 
oxycarbonyloxy-4'-methylpropiophenone (428 mg). 

so ESI-MS (m/z): 534 [(M+NH 4 )+] 

IR (neat, cm" 1 ): 3387, 1765 

NMR (DMSO-de) 8: 2.32 (3H, s), 2.90-2.98 (2H, m), 3.09-3.50 (7H. m). 3.67-3.74 (1H. m), 3.74 (3H. s). 4.60 
(1H. t. J=5.7), 5.04 (1H, d, J=7.5), 5.08 (1H, d, J=5.3), 5.15 (1H, d, J=4.9), 5.37 (1H. d. J=5.5). 6.78 (1H. m), 
6.88 (1H, dd, J=0.9. 2.2), 7.03 (1H. s). 7.19 (1H, dd, J=1.8, 8.4), 7.46 (1H, d, J=8.4), 7.51 (1H, d, J=1.3). 7.93 
55 (1H,d,J=2.2) 
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Example 15 

(1) The corresponding starting compounds are treated in the same manner as in Example 14-{1) to give 3-<5- 
beruo[b]furar^ 

ESI-MS (m/z): 606 [(M+Nhy+J 

IR (nujol. cm" 1 ): 3367, 1767, 1690, 1617 

NMR jDMSOcy 6: 2.03 (3H, s), 2.33 (3H, s), 2.92-3.00 (2H, m), 3.05-3.73 (7H, m), 4.17-4.27 (1H, m), 5.26 

?kmu ^ fo ^i 1 ^ d, , Ja5 - 3) * 558 (1H ' S) ' 568 (1H ' * J=59 >' 668 < 1H ' m >' 6 91 < 1H ' dd ' Js0 -9. 2.2), 
7.05 (IK s), 7.19 (1H, dd, J=1.6. 8.6). 7.37-7.52 (7H, m), 7.95 (1H, d. J=2.2) 

(2) 3K5-Ben^ js 
treated in the same manner as in Example 14-(2) to give 3H54>en2o[b]furan^ 

toxy-4 -methytpropiophenone. 

ESI-MS (nVz): 518 [(M+NH^*] 

IR (neat, cm' 1 ): 3393, 1769, 1691, 1618. 1198 

NMR (DMSO^) 8: 2.02 (3H, s). 2.30 (3H, s), 2.89-3.02 (2H, m), 3.06-3.51 (7H, m), 3.67-3.75 (1H, m), 4.58 
(1H, t, J=5.7), 5.02 (1H, d. J=7.3), 5.05 (1H, d, J=5.1), 5.12 (1H, d, J=4.8), 5.34 (1H, d, J=5.5) 6 64 (IH s) 

i 1 ? Z2) ' 6 " (1K S) ' 719 (1H ' * J=17 ' a4) ' 7 47 < 1H ' * 7 51 (1*4 J-li 7.93 

(1 n, Q, J =2.0) 

Example 16 

kt m ^^^*^^|^^^^^^^^"^ , *^*^*^^^^^^^^^^^^^^"^**^^'^V^ , *^®thylpropioph6non© (500 mg) is dissolved in 
^t m ^o aCe ?" m ? e (3 5 m - Snd th6reto is added 015 mg). To the mixture is added dropwise acetyl 

chlor.de (282 mg) under .encoding, and the mixture is stirred under ice-cooling for 30 minutes, and stirred at room tem- 
perature wern>ght The reaction mixture is poured into chilled 10 % aqueous citric acid solution, and extracted with 
^-i 0 ^ 1 ° rfl ° layef iS W8shed dried - and concentrated under reduced pressure. The residue is 

purified by silica gel column chromatography (solvent; chloroform/methanol) to give S-fS-benzorblfuranyO^MeO- 
acety1-B-D-glucopyranosyloxy)-6-acet^^ 

ESI-MS (m/z): 560 [(M+NH^*] 

IR (neat, cm" 1 ): 3417. 1769, 1740, 1695, 1618 

S?X?2? 6 ; l o 7 (3H ' S)> 2 02 (3Hl S)> 2 31 (3K S) ' 2Mn < 2H " m >- 3 04 - 3 - 32 (5H. m). 3.62-3.70 (1H. 
m) 4.03 (IH. dd. J=7.2. 14.1). 4.35 (IH. dd. J=1.8, 11.7). 5.04 (1H. d. J=7.5). 5.25 (1H. d. J=4 9) 534 (1H d 
J=5.3). 5.44 (1 H. d. J=5.5). 6.67 (1 H. s), 6.88 (1 H, dd. J=0.9. 2.2). 6.95 (1 H. s). 7.1 8 (1 H. dd J=1 8 8 4) 7 47 (i H 
d.J=8.4). 7.50 (IH.d.J-1.5). 7.94 (1H.d.J-2.2) -O.MJ. #.»/ 11H. 

Example 17 

ol 3 * (5 ;** nzo £i^ 9) is dissolved in 

2A6-colI.dine (33 ml). The mixture is cooled to -40»C with dry ice-acetone and thereto is added dropwise with 
Sbrnng a solution of 4-nitrophenyl chloroformate (1.71 g) in dichloromethane (8.6 ml). The mixture is stined at 
— W C for 1 .5 hour, and stirred at room temperature for one hour, and further stined at 53°C for three hours After 
coohng. the reaction mixture is poured into a chilled 10 % hydrochloric acid, and the mixture is extracted with ethyl 
aC i i! u ,° r9aniC layef iS W3shed with dried - concentrated under reduced pressure. The residue is 
purified by silica gel column chromatography (solvent; chloroform/acetone) to give 3-(5-benzofb]furanyl)-2 , -(4 6-0- 
cartxjnyl-B-D-gluwpyranosyloxtf^^ 

FAB-MS (m/z): 507 [(M+Na)*], 485 [(M+H)*] 
IR (nujol, cm -1 ): 3386, 1 753, 1630 

NMR (DMSOde) 6: 2.25 (3H. s). 2.99 (2H. t. J=7.4). 3.30-3.40 (3H. m). 3.64 (1H. m). 4.09-4.21 (2H. m) 4 26 
i« TV?* 9 7) ' 4 49 (1H> *■ J=5 - 3 ' J=9 2) ' 5 26 < 1H ' d - J = 79 >- 5 8 ° ( 1H - d. J=5-9). 5.86 (IH, d J=5 7) 

Mj^S^Sl^Sw^ 2 ' 2) - 719 (1Hi *■ J=1 - 8, a6) - 749 (1H> * ^ 75 ° (1H * 

(2) 3-(5-BerBo[b]furanyO-2M4.6-0-^^ (2 13 g) 
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is dissolved in methanol (40 ml), and thereto is added p-toluenesuHonic acid (84 mg), and the mixture is stirred at 
room temperature for one hour. The reaction mixture is diluted with ethyl acetate, and poured into a saturated 
sodium hydrogen carbonate solution. The mixture is shaken, and the organic layer is separated, washed with water, 
dried, and concentrated under reduced pressure. The residue is purified by silica gel column chromatography (soi- 
5 vent; chloroform/acetone) to give 3-(5-benzo[bJfurany0-244-O-methoxycarto^ 
hydroxy-^-methylpropiophenone (986 mg). 

ESI-MS (m/z): 534 [(M+NH 4 ) + ) 
IR (neat, cm 1 ): 3459, 1752, 1631 
io NMR (DMSOds) 8: 2.24 (3H, s). 3.00 (2H, t, J-7.4), 3.32-3.45 (4H, m), 3.49-3.60 (2H, m), 3.66-3.73 (1H, m), 

3.73 (3H, s). 4.54 (1 H, t, J=9.6), 4.82 (1 H, t, J=5.6), 5.12 (1 H, d, J=7.7), 5.52 (1 H, d, J=5.7), 5.60 (1 H, d. J=5.7), 
6.44 (1 H, d, J=0.6), 6.56 (1 H, d, J=0.9), 6.90 (1 H, dd. J=0.9, 2.2), 7.22 (1 H, dd, J=1 .7, 8.4), 7.47 (1 H, d, J=8.4), 
7.54 (1 H, d, J=1 .3), 7.93 (1 H. d, J=2.2), 1 1 .8 (1 H, s) 

1$ Example 18 

To a solution of 3-(5-benzo[b]furanyl)-2XI^D-glucopyra^ (10 g) in 

2,4,6-coIlidine (100 ml) is added dropwise methyl chioroformate (10.31 g) at 0°C, and the mixture is stirred at 0°C for 
23 hours. The reaction mixture is poured into ice-10 % hydrochloric acid (300 ml-300 ml), and the mixture is extracted 

20 with ethyl acetate (350 ml). The organic layer is washed with water, a saturated aqueous sodium hydrogen carbonate 
solution, and a saturated sodium chloride solution, dried, and concentrated under reduced pressure. The residue 
(1 1 .96 g) is dissolved in tetrahydrofuran (200 ml), and thereto is added t-butyl amine (20 ml), and the mixture is stirred 
at room temperature for four hours. The reaction mixture is poured into ice-10 % hydrochloric acid (150 ml -150 ml), and 
extracted with ethyl acetate (250 ml). The organic layer is washed with water, a saturated aqueous sodium hydrogen 

25 carbonate solution, and a saturated sodium chloride solution, dried, and concentrated under reduced pressure. The 
reside is recrystallized twice from water-diethyl ether-diisopropyl ether to give S-fS-benzpIblfuranyO^'-fe-O-methoxy- 
<^rbonyl-^D-g!ucopyranosyloxy)-6'-hydrQxy-4'-methylpropiophenone (9.14 g). 

M.p 78-82°C 
so ESI-MS (m/z): 534 [(M+NH 4 ) + ] 

IR (nujol, cm* 1 ): 3509. 3401. 3172, 1733. 1669, 1632, 1611 

The data of NMR (DMSO-cy are the same as those of the compound obtained in Example 2-(3). 
as Example 19 

S-tS-BenzoMfuranyrj^-tp-D-glu^ (10 g) is dissolved in ethyl- 

eneglycd dimethyl ether (30 ml), and thereto are added dimethyl carbonate (100 ml), Novozyme 435 (2 g, manufac- 
tured by Novo Nordisk A/S, Denmark) and molecular sieves 4A powder (8 g), and the mixture is stirred at 40°C for 24 

40 hours, and stirred at room temperature for 14 hours. The reaction mixture is diluted with chloroform, and the insoluble 
materials are removed by filtration. The filtrate is concentrated to dryness, and the residue is dissolved in ethyl acetate. 
The mixture is washed successively with 10 % aqueous hydrochloric acid, water, a saturated aqueous sodium hydro- 
gen carbonate solution, and a saturated aqueous sodium chloride solution, dried, and concentrated under reduced 
pressure. The residue is recrystallized three times from ether-isopropyl ether-water to give 3-(5-benzo[b]furanyl)-2'-(6- 

45 O-methoxyrailDonyl-p-D-glucopyrano (7.9 g). The physicochemical proper- 

ties of the compound are the same as those of the compound obtained in Example 18. 

Exqmple 2Q 

so The corresponding starting compounds are treated in the same manner as in Example 1 to give 3-(5-benzo[b]fura- 
nylJ-Z-fp-D-glucopyranosyloxyJ-e'-hydroxy^'-ethylpropiophenone. 

M.p. 146-1 48.5°C 
ESI-MS (m/z): 490 [(M+NH 4 ) + ] 
55 IR (nujol, cm 1 ): 3600-3200, 1633. 1605 

NMR (DMSO-d 6 ) 6: 1.15 (3H, t, J=7.5). 2.55 (2H, q, J=7.5), 3.00 (2H, t J=7.5), 3.10-3.50 (7H. m), 3.68-3.74 (1H, 
m), 4.61 (1H, t, J=5.5), 4.98 (1H, d, J=7.5), 5.06 (1H, d. J=5.5), 5.14 (1H, d, J=5.0), 5.31 (1H, d, J=5.5). 6.42 (1H, 
d, J=1.5). 6.57 (1H, d. J=1.5). 6.88 (1H, dd, J=1.0. 2.0), 7.22 (1H. dd, J=2.0. 8.5), 7.46 (1H, d. J=8.5). 7.53 (1H, d. 



29 



EP 0 850 948 A1 

J=2.0), 7.93 (1H, d. J=2.0). 1 1.90 (1H, s) 
Example 21 

2^(23 A6-Tetra<)*cety^ (100 g) ^ dssolved in a 

ture of chilled ethanol (800 mO and 50 % aqueous potassium hydroxide solution (200 g), and thereto is added 5-formyl- 
benzo[b]furan (30.91 g). The mixture is stirred at room temperature overnight under argon atmosphere. To the reaction 
mixture are added N.N-dimethylacetamide (400 ml), anhydrous piperazine (17.35 g) and 10 % palladium-carbon (51.4 
% aqueous, 9.4 g), and the mixture is stirred at room temperature for two hours under atmospheric pressure of hydro- 
gen gas. The catalyst is removed by filtration, and the filtrate is washed with dfisopropyl ether, and acidified with 18 % 
hydrocrdonc aad under ice-cooling. The mixture is extracted with ethyl acetate, and the organic layer is washed suc- 
cessively with water, a saturated aqueous sodium hydrogen carbonate solution, and a saturated aqueous sodium chlo- 
ride solution, dned. and concentrated under reduced pressure. The residue is crystallized twice from water-acetonitrile 
to give colorless crystals (66.86 g), which is combined with the compound (137.6 g) prepared by the same procedure 
The combined product (204.46 g) is recrystallized from water-ethanol to give 3-(54)enzo[bJfurajiyO-2^(p-D^glucopyran- 
osyloxy)-6^r^roxy-4'-methylpropiophenone (195.70 g). The physicochemical properties of the compound are the 
same as those of the compound obtained in Example 1 . 

Example 22 

(1) 3-(5-Benzo[b]furanyO-2'-^ ( 30 o mg) obtained in. 

Example 2 is dissolved in tetrahydrofuran (3 ml), and thereto are added 2,4,6-colIicfine (315 mg) and dipheny! chlo- 
rophosphate (486 mg) under ice-cooling. The mixture is stirred at room temperature for 22 hours under argon 
atmosphere. The reaction mixture is poured into chilled 10 % aqueous citric acid solution, and extracted with ethyl 
acetate. The organic layer is washed successively with water, a saturated aqueous sodium hydrogen carbonate 
solution, and a saturated aqueous sodium chloride solution, dried, and concentrated under reduced pressure The 
residue is purified by silica gel column chromatography (solvent; chloroform/methanol) to give 3-(5-benzo[b]fura- 
nyO-2M6-0<iiphenylphospto 

ESI-MS (m/z): 748 [(M+NH4} 4 ] 
IR (nujol, cm* 1 ): 3396, 1698, 1609 

NMR (DMSOkJs) 8: 2.17 (3H, s), 2.95 (2H, t, J=7.5). 3.0-3.3 (5H, m), 3.72 (1H, dt, J=9.5. 2.5). 4 30 (1H ddd 
J=5.5, 7.5, 1 1.5), 4.52 (2H, dt, J=1.5, 5.0), 4.57 (1H, ddd, J=3.5, 5.5, 1 1.5), 5.00 (1H, d, J=7.5), 5.16 (1H ddt,' 
J-11.0, 3.5, 1.5), 5.26 (1H, ddt, J-17.5, 3.5, 1.5), 5.3-5.4 (3H, br), 5.89 (1H, ddt, J*17.5, 11.0, 5.0). 6.55(1H 
s) 6.68 (1H, s), 6.86 (1H, dd. J-1.0, 2.0), 7.1-72 (7H, m), 7.30 (4H, dt. J-8.0. 1.5), 7.44 (1H, d, J-9.5). 7.45 
(1 H, d, J=2.0), 7.92 (1 H, d, J=2.0) 

(308 mg) obtained in the above (1) is dissolved in acetonitrile (3 ml), and thereto are added ammonium formate (80 
mg) and dichlorobis(triphenylphosphine)palladium (II) (3 mg), and the mixture is refluxed for 1 .5 hour under argon 
atmosphere. The reaction mixture is cooled to room temperature, poured into ice-water, and extracted with ethyl 
acetate. The organic layer is washed successively with water and a saturate aqueous sodium chloride solution 
dried, and concentrated under reduced pressure. The residue is purified by silica gel column chromatography (sol- 
vent; chloroform/methanoO to give 3-(5-benzo[b)furany0-2^ 

hydroxy-4'-methylpropophenone (246 mg). 7 " 

ESI-MS (m/z): 708 [(M+NH 4 n 
IR (nujol, cm* 1 ): 3405, 1630, 1600 

NMR (DMSCWs) 6: 2.13 (3H, s), 2.98 (2H, t. J-7.0), 3.2-3.5 (5H, m), 3.75-3.85 (1H, m), 4.3-4.4 (1H, m), 4.55 
(1H, ddd. J=3.5, 5.5, 11.5), 5.10 (1H, d, J=8.0), 5.29 (1H, d, J=5.0), 5.41 (1H, d. J=4.5), 5.43 (1H, d J=5 5) 
6.39 (1H, d, J-1.0), 6.57 (1H, d, J-1.0), 6.85 (1H, dd, J-1.0, 2.0), 7.1-7.2 (7H, m), 7.29 (4H, dt, J=8.0. Uj 
7-44(1H.clJ.9^ i 7.49(1K4«.0) i 7.92(m<lJA0) l 11.84(1H i s) 

(3) 3-(5-Benzo[^^ 

(764 mg) is dissolved in 1 ,4-dioxane (33 ml), and thereto is added 0.1 N aqueous sodium hydroxide solution (33 ml) 
The mixture is stirred at room temperature for 2.5 hours under argon atmosphere. To the reaction mixture is added 
ammonium chloride (60 mg), and the mixture is concentrated under reduced pressure. To the residue is added eth- 
anol. and the insoluble materials are removed by filtration. To the filtrate is added isopropanol. and the precipitates 
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are collected by filtration, and dried to give 3-(5^enzo[b]furanyl)-2'-(4,6-0^ 
hydroxy^-metnytpropiophenone sodium (327 mg). 

ESI-MS (m/z):519[(M+Na) + ) 
5 IR (nujol, cm* 1 ): 3300. 1625, 1612 

NMR (DMSO-de) 8: 2.25 (3H, s). 2.97 (2H, t. J=7.5), 3.3-3.9 (8H, m), 5.15 (1H, d. J=7.5), 5.40 (1H. or), 5.55 
(1 H, br), 6.41 (1 H, s), 6.55 (1 H. s), 6.98 (1 H, dd. J=1 .0. 2.0), 7.19 (1 H, dd, J=1 .5, 8.5). 7.49 (1 H, d. J=8.5). 7.51 
(1H, d, J=1.5). 7.92 (1H, d, J=2.0) 

10 Reference. Example 1 

(1) Orcino! monohydrate (50 g) is dissolved in pyridine (400 ml), and thereto is added acetic anhydride (133 ml), 
and the mixture is stirred at room temperature for 17 hours. The reaction mixture is concentrated under reduced 
pressure, and the resulting residue is dissolved in ethyl acetate (500 ml). The mixture is washed successively with 

is 1 o % hydrochloric acid, water, a saturated aqueous sodium hydrogen carbonate solution, and a saturated aqueous 
sodium chloride solution, dried, and concentrated under reduced pressure to give orcinol diacetate (74 g). 

EI-MS (m/2): 208 (M+) 

NMR (CDCI 3 ) 82.27 (6H ( s). 2.35 (3H. s), 6.71 (1 H. t, J=1.8), 6.80 (2H, m) 

20 

(2) Aluminum chloride (19.2 g) is heated at 90°C in chtorobenzene (50 ml), and thereto is added dropwise a solu- 
tion of orcinol diacetate (10 g) in chtorobenzene (8 ml) over a period of 35 minutes. After addition, the mixture is 
stirred at the same temperature for one hour, and cooled. The reaction mixture is poured into ice-1 0 % hydrochloric 
acid (100 ml-100 ml), and the mixture is stirred for 30 minutes, and extracted with ethyl acetate (100 ml). The 

25 organic layer is washed with water, dried, and concentrated under reduced pressure. Hexane (100 ml) is added to 
the residue, and the mixture is stirred at room temperature for 30 minutes. The precipitates are collected by filtra- 
tion, and dried to give 2 , .6'-dihydroxy-4'-methylacetophenone (5.9 g), m.p. 146-148°C. 

Reference, Example? 

30 

A mixture of 2 , ,6'-dihydroxy-4'-methylacetophenone (0.5 g), cadmium carbonate (2.08 g) and toluene (40 ml) is 
refluxed while the solvent is removed by a Dean-Stark trap. After 10 ml of the solvent is removed, the mixture is cooled 
to about 80°C, and thereto is added 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide (2.48 g), and the mixture is 
refluxed overnight After cooling, the mixture is diluted with chloroform, and the insoluble materials are removed by f 8- 
35 tration. The filtrate is concentrated, and the residue is crystallized from methanol to give 2 , -(2,3,4,6-tetra-0-acetyl-p-D- 
gl ucopyranosyloxy) -6'- hydroxy-4'-methylacetoph enon e (735 mg). 

M.p. 140-1 41. 5°C 
ESI-MS (m/z): 514 I(M+NH 4 ) + ] 
40 IR (nujol, cm' 1 ): 1755. 1725. 1650 

NMR (DMSO-d 6 ) 8: 1.96 (3H, s), 2.01 (9H, s), 2.26 (3H, s), 2.39 (3H. s), 4.05-4.22 (2H, m). 4.28 (1H, ddd, J=2.6, 
5.7, 9.9). 5.00 (1H, dd, J=9.5, 9.9), 5.10 (1H, dd, J=8.0, 9.6), 5.39 (1H, t. J=9.5). 5.64 (1H, d, J=8.1). 6.46 (1H. s), 
6.48 (1H, s), 11.60 (1H,s) 

45 Reference Example 3 

Potassium carbonate (41 4 g) is suspended in chloroform (1 .3 £), and thereto is added dropwise water (29 ml) grad- 
ually. To the mixture are added tributyfoenzylammonium chloride (37 g), 2 , ,6'-dihydroxy-4 , -methylacetophenone (100 g), 
and 2,3,4,6'tetra-O-acetyl-a-D-glucopyranosyl bromide (419 g), and the mixture is stirred at room temperature for 27 

so hours. To the mixture is added water (21 ml), and the mixture is stirred for further 2.5 hours. The mixture is neutralized 
with 18 % hydrochloric acid (about 500 ml) under ice-cooling. To the mixture are added 18 % hydrochloric acid (about 
200 ml) and water (500 ml), and the chloroform layer is separated, washed with water and a saturated aqueous sodium 
chloride solution, dried, and concentrated. To the residue is added methanol (400 ml), and the mixture is concentrated 
under reduced pressure to about a half volume thereof. To the resultant is added methanol (2 t), and the mixture is 

ss heated a little, and stirred under ice-cooling for 30 minutes. The precipitates are. collected by filtration, and dried under 
reduced pressure to give 2H2,3,4,6-tetra-0-acetyl-p-D-glucopyran^ (239.75 
g). The physicochemical properties of the compound are the same as those of the compound obtained in Reference 
Example 2. 
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Reference Example A 



(1) 3 5-Duriethoxyanil.ne (1.0 g) is suspended in a mixture of hydrochloric acid (3 ml), acetic acid (2 ml) and water 

L"^ ff?* * f ded d,DpWiSe 9 SO ' Ution 01 sodium < 473 «" (5 ml) under ice<ooling over a 
^ n °f 0, r \ 5 ^' nutes - Ten m,nu,es *«> *e mixture is added a solution of potassium iodide (1 .62 g) in water 

" ™T?1 80 ° C " and - ™ d to 006 ^ ™ e reaction is extracted with diethyl 
efter and the extract >s washed wrth water, dried, and concentrated under reduced pressure. The residue is puri- 
fied by silica gel column chromatography (solvent; hexane/ethyl acetate), and is recrystallized from ethyl ace- 
tate/hexanetogive3.Wimetrtt)xyiodobereene(1.05g).m4).73-74'C 

i^ 3 « ft Di '?!!? , ^ 0benzene (1 " 19 9) 15 dissolved h acetic acW 00 mf). and thereto is added 47 % hydrobromic 
SI T ,em P erature « and »• fluxed for 15 houre. The reaction mixture is cooled to room 

arri concentrated to dryness under reduced pressure. The residue is dissolved in ethyl acetate, and 

SJSSeT Oeg)" 8 ^ dried ' ^ C ° nCentra,6d und * reduced P ressure t0 give 3.5^ihydroxyiodo- 

EI-MS(m/z):236(M + ) 
IR (neat cm 1 ): 3325. 1605 

NMR (CDOa) 6: 5.22 (2H. s). 6.31 (1 H. t, J-2.5), 6.79 (2H. d. J=2.5) 

K'^i^ rt Tf' be, ^ ene ° 02 9 ) 15 dSSOlved in pyridine < 28 ml )- ^ theret0 * added acetic anhydride (1 .53 
g) at room temperature. The mixture is stirred for one hour, and the reaction mixture is poured into 10 % aqueous 

f!!'! 30 ^ ^° n '.! eXtraCted With ^ acetete - 71,8 te washed with water, dried, and concen- 

trated under reduced pressure to give 3.5-diacetoxyiodobenzene (1 .37 g). 

EI-MS (m/z): 320 (M+), 278. 236 
IR (neat, cm" 1 ): 1771, 1586 

NMR (CDCI3) 6: 2.28 (6H. s). 6.92 (1H, t. J=2.0). 7.36 (2H. d. J=2.0) 

«/i'^ D j!^ 0d !^ e ( f° mfl) iS diSSOlved in 1 ■ 4 - dioxane < 4 a "° hereto are added vinyl tribute tin 
?£. S ^ ^^^^^^"^panadium (II) (20 mg) at room temperature. The mixture is reflux* for 

IT ?■? r TJ em ^. ratUre - The miXtUre fe diluted aceta{ e. and thereto is added 10 % aque- 

ous potassium fluoride solution. The mixture is stirred at room temperature for 30 minutes, and the insoluble mate- 

S^^l^ n ^ * ^ «hy acetate, and *• organ* laye^l SESlSl. 

EI-MS (m/z): 220 (M + ), 178, 136 
IR (neat, cm* 1 ): 1771, 1610 

tTif sS^Sr^ ^ ln 8 * ethyl acetete (6 ^ and ethan ° l ( 2 m1 )- ^ mix- 
ture is subjected to catalytc reduction wrth using 10 % palladium-carbon (51.4 % aqueous. 50 mg) under atmos- 

^» T *£ ta "*r- 1 *' the » amoved by filtration. and the filtrate is co^enZdtS 

SSSZiSt *■ 961 * romato9raphy (80,vent: < to 

EI-MS (m/z): 222 (M*) 
IR (neat, cm' 1 ): 1771, 1616 

NMR (CDCI3) 8: 1 .23 (3H. 1. J=7.5). 2.28 (6H. s). 266 (2H, q. J=7.5). 6.74 (1H, t, J=2.0). 6.82 (2H. d. J=2.0) 

JfiJ:!lP ia ^ ,0 ^" 5 "f 1ylben * ene iS treated in manner as in Reference Example 1-(2) to give 2'.6'<Hhy. 

droxy-4'-ethylacetophenone. m.p. ^l-^-C. ' ' 

l?^l\ I !^ 0 ^l'^ aC f^ hen0ne is trealed h 1ne 88016 manner as Reference Exanple 3 to give 2- 
(2,3,4.6-tetra-0-acetyl-- p .D^Iucopyranosyloxy)-6 , -hydroxy-4 , -eth^ 125-127-C 
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Reference Example 5 

(1) Zinc powder (purity; 85 %, 14.75 g) is suspended in N,N-dimethyrformamide (50 ml) under argon atmosphere, 
and thereto is added dropwise with stirring acetyl chloride (1 .06 g) at 50° C over a period of 10 minutes, and then 

5 the mixture is stirred for 1 5 minutes. To the mixture is added dropwise a solution of 3,5-dimethoxybenzaldehyde (1 0 
g) in dibromomethane (1 5.69 g) over a period of 20 minutes, and the mixture is stirred for 30 minutes. The reaction 
solution is cooled with ice, and thereto is added dropwise a saturated aqueous ammonium chloride solution (40 ml), 
and further thereto is added diethyl ether. The insoluble materials are removed by filtration, and the filtrate is 
extracted with diethyl ether. The extract is washed successively with 10 % hydrochloric acid, water, 10 % aqueous 

10 sodium hydroxide solution, and a saturated aqueous sodium chloride solution, dried, and concentrated under 
reduced pressure to give 3,5-dimethoxystyrene (8.29 g). 

EI-MS (m/z): 164 (M + ), 149, 135, 121 
IR (neat, cm' 1 ): 1620, 1595 

is NMR (CDCI3) 8: 3.80 (6H, s), 5.25 (1H, dd, J=1.0, 11.0), 5.72 (1H, dd, J=1.0, 17.5), 6.39 (1H, t. J=2.5), 6.57 

(2H, d. J=2.5). 6.64 (1 H, dd, J=1 1 .0, 1 7.5) 

(2) 3,5-Dimethoxystyrene (8.29 g) is dissolved in a mixture of methanol (70 ml) and ethyl acetate (10 ml), and the 
mixture is subjected to catalytic hydrogenation with using 10 % palladium-carbon (51 .4 % aqueous, 1 .2 g) under 

20 atmospheric pressure. One hour thereafter, the catalyst is removed by filtration, and the filtrate is concentrated 
under reduced pressure. The residue is purified by silica gel column chromatography (solvent; hexane/ethyl ace- 
tate) to give 1,3-dimethoxy-5-ethyIbenzene (7.07 g). 

EI-MS (m/z): 166 (M + ), 151, 137 
25 IR (neat, cm 1 ): 1607, 1596 

NMR (CDCI3) 8: 1.22 (3H, t, J=7.5), 2.60 (2H, q, J=7.5), 3.78 (6H, s), 6.30 (1H, t, J=2.5), 6.37 (2H, d, J=2.5) 

(3) 1,3-Dimethoxy-5-ethylbenzene (7.69 g) is dissolved in acetic acid (80 ml), and thereto is added with stirring 47 
% hydrobromic acid at room temperature. The mixture is ref luxed for three hours, and the reaction mixture is cooled 

30 to room temperature. The mixture is concentrated to dryness under reduced pressure, and the residue is dissolved 
in ethyl acetate. The organic layer is washed successively with water and a saturated aqueous sodium chloride 
solution, dried, and concentrated under reduced pressure. The residue is recrystallized from diisopropyl ether-hex- 
ane to give 1 ,3-dihydroxy-5-ethylbenzene (5.94 g), m.p. 97-98°C. 

(4) 1,3-Dihydroxy-5-ethylbenzene (5.92 g) is dissolved in pyridine (32 ml), and thereto is added with stirring acetic 
35 anhydride (1 7.5 g) at room temperature. One hour thereafter, the reaction mixture is poured into chilled 1 0 % hydro- 
chloric acid, and the mixture is extracted with ethyl acetate. The organic layer is washed successively with water, a 
saturated aqueous sodium hydrogen carbonate solution, and a saturated aqueous sodium chloride solution, dried, 
and concentrated under reduced pressure to give 1 ,3-diacetoxy-5-ethylbenzene (9.60 g). The physicochemical 
properties are the same as those of the compound obtained in Reference Example 4-(5). 

40 

EFFECTS OF THE INVENTION 

The compounds (I) of the present invention and a pharmaceutical^ acceptable salts thereof show an excellent 
hypoglycemic activity because of the increasing effect of the urine glucose excretion, based on the inhibition activity of 
45 renal tubular glucose reabsorption. For example, when administered orally to rats, the present compounds increase the 
amount of urine glucose more than 50 times as much as phlorizin does. 

in addition, the compounds (I) of the present invention show low toxicity. Besides, the aglycone of the compounds 
(0, the hydrolysate thereof, show extremely a weak inhibitory activity against facilitated diffusion-type glucose trans- 
porter. 

so Therefore, the compounds (I) of the present invention can treat hyperglycemia, by which the self-exacerbating cycle 
of glucose toxicity is interrupted, so that the compounds (I) are useful in the prophylaxis or treatment of diabetes [e.g., 
diabetes mellitus such as insulin-dependent diabetes(type I diabetes), insulin-independent diabetes (type 11 diabetes)], 
or in the rectification of hyperglycemia after meal. 

55 Claims 

1. A propiophenone derivative of the formula (I): 



33 



EP0 850 948A1 



7 » 



wherein OX is a hydroxy group which may optionally be protected, Y is a lower alkyl group, and Z is a p-D-glucop- 
yranosyl group wherein one or more hydroxy groups may optionally be protected, or a pharmaceutical^ acceptable 
salt thereof. 

2. The compound according to claim 1 , wherein Z is (i) a p-D-glucopyranosyl group wherein one or more hydroxy 
groups may optionally be acyiated, (fi) a p-D-glucopyranosyl group wherein two hydroxy groups combine to form a 

1 - lower alkoxy-lower alkylidenedioxy group, a benzylidenedioxy group, a phosphinicodioxy group, or a carbonytdi- 
oxy group together with the protecting groups thereof, or (iii) a p-D-glucopyranosyl group wherein one or two 
hydroxy groups are acyiated, and two hydroxy groups combine to form a 1 -lower alkoxy-lower alkylidenedioxy 
group, a benzylidenedioxy group, a phosphinicodioxy group, or a carbonyldioxy group together with the protecting 
groups thereof. 

3. The compound according to claim 2, wherein Z is a p-D-glucopyranosyl group wherein one or more hydroxy groups 
may optionally be acyiated by a group selected from a lower alkanoyl group, a lower alkoxycarbonyl group, a lower 
alkoxy-lower alkanoyl group and a lower alkoxy-lower alkoxycarbonyl group, or a p-D-glucopyranosyl group wherein 
two hydroxy groups combine to form a 1 -lower alkoxy-lower alkylidenedioxy group or a phosphinicodioxy group 
together with the protecting groups thereof. 

4. The compound according to claim 3, wherein Z is a p-D-glucopyranosyl group wherein the 2-hydroxy group, or the 

2- and the 3-hydroxy groups, or the 4-hydroxy group, or the 6-hydroxy group may optionally be acyiated by a group 
selected from a lower alkanoyl group, a lower alkoxycarbonyl group, a lower alkoxy-lower alkanoyl group and a 
lower alkoxy-lower alkoxycarbonyl group, or a p-D-glucopyranosyl group wherein the 4- and 6-hydroxy groups com- 
bine to form a 1 -lower alkoxy-lower alkylidenedioxy group or a phosphinicodioxy group together with the protecting 
groups thereof. 

5. The compound according to claim 4, wherein OX is a hydroxy group, a lower alkanoyioxy group, or a lower alkoxy- 
carbonyloxy group, and Z is a p-D-glucopyranosyl group, a 2-0-(lower alkanoyl) -p-D-glucopyranosyl group, a 2.3- 
di-0-(kwer alkanoyl)-p-D-glucopyranosyl group, a 4-0-(lower aIkoxycarbonyl)-p-D-glucopyranosyl group, a 6-0- 
(lower alkanoyl) -p-D-glucopyranosyl group, a 6-0-(lower alkoxycarbonyl) -p-D -gl ucopyranosyl group, a 6-0-(iower 
alkoxy-lower alkanoyl) -p-D-glucopyranosyl group, a 6-0-(lower alkoxy-lower a!koxycarbonyl)-p-D-gl ucopyranosyl 
group, a 4,6-0-(1 -lower alkoxy-lower altyidene)-p-D-glucopyranosyl group, or a 4,6-O-phosphinico-p-D-glucop- 
yranosyl group. 

6. The compound according to claim 5. wherein OX is a hydroxy group or a lower alkanoyioxy group, and Z is a p-D- 
glucopyranosyl group, a 2,3-di-0-(lower alkanoyO-p-D-glucopyranosyl group, a 4-0-(lower alkoxycarbonyl) -p-D- 
glucopyranosyl group, a 6-0- (lower alkoxycart>onyO-p-D-glucopyranosyl group, a 4,6-0-(1 -lower alkoxy-lower 
alkylidene)-p-D-glucopyranosyl group, or a 4,6-O-phosphinico-p-D-glucopyranosyl group, 

7. The compound according to claim 6, wherein OX is a hydroxy group, Y is a methyl group or an ethyl group, and Z 
is a p-D-glucopyranosyl group, a 4-0-(lower alkoxycarbonyl)-p-D-glucopyranosyl group, a 5-0-{lower alkoxy- carb- 
onyl)-p-D-glucopyranosy1 group, a 4,6-0-(1 -lower alkoxy-lower alkylidene)-p-D-glucopyranosyl group, or a 4,6-0- 
phosphinico-p-D-glucopyranosyl group. 

8. The compound according to claim 7, wherein Z is a p-D-glucopyranosyl group or a 6-0-(lower alkoxy carbonyl)-p- 
D-glucopyranosyl group. 

9. S-tS-BeruotblfuranyO^-Cp-D-glucopyr^ or a pharmaceutically 
acceptable salt thereof. 
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10. 3K5-Benzo[b]furanyO-2'-(6<>-m^ or a 
pharmaceutically acceptable salt thereof. 

1 1 . A process for preparing a propiophenone derivative of the formula (I): 




wherein OX is a hydroxy group which may optionally be protected, Y is a lower alkyt group, and 2 is a p-D-glucop- 
yranosyl group wherein one or more hydroxy groups may optionally be protected, or a pharmaceutically acceptable 
salt thereof, which comprises reducing a compound of the formula (II): 




wherein the symbols are the same as defined above, and if necessary, followed by converting the product into a 
pharmaceutically acceptable salt thereof. 

12. A process for preparing a propiophenone derivative of the formula (i«b): 

OX o 




wherein R 1 is an acyl group, OX is a hydroxy group which may optionally be protected, and Y is a lower alkyl group, 
or a pharmaceutically acceptable salt thereof, which comprises acylating a compound of the formula (l-a): 
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15 

wherein the symbols are the same as defined above, and if necessary, followed by converting the product into a 
pharrnaceuticaHy acceptable salt thereof. 

1 3. A process for preparing a propiophenone derivative of the formula (l-c): 

20 



25 



30 




wherein R 3 is an acyl group, OX is a hydroxy group which may optionally be protected, and Y is a lower alkyl group, 
or a pharrnaceuticaHy acceptable salt thereof, which comprises acylating a compound of the formula ( W): 



40 



45 




50 

wherein R 11 0 and R^O are protected hydroxy groups, and the other symbols are the same as defined above, 
removing the protecting groups from the product, and if necessary, followed by converting the product into a phar- 
maceutically acceptable salt thereof. 

55 

14. A process for preparing a propiophenone derivative of the formula (l-e): 
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wherein R 4 is an acyl group, OX is a hydroxy group which may optionally be protected, and Y is a lower alkyl group, 
or a pharmaceuticaliy acceptable salt thereof, which comprises acylating a compound of the formula (l-f): 




wherein R 11 0, R 21 0 and R 31 0 are protected hydroxy groups, and the other symbols are the same as defined 
above, removing the protecting groups from the product, and if necessary, followed by converting the product into 
a pharmaceuticaliy acceptable salt thereof. 

15. A process for preparing a propiophenone derivative of the formula (l-g): 




wherein R 2 is a lower alkyl group, OX is a hydroxy group which may optionally be protected, and Y is a lower alkyl 
group, or a pharmaceuticaliy acceptable salt thereof, which comprises reacting a compound of the formula (l-h): 
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15 

wherein the symbols are the same as defined above, with a compound of the formula (III): 

tfOH (in) 

20 wherein R 2 is the same as defined above, and if necessary, followed by converting the product into a pharmaceu- 
tically acceptable salt thereof. 

16. A process for preparing a propiophenone derivative of the formula (l-i): 



30 



35 




wherein R 5 is a hydrogen atom or a lower aJkyl group and R 6 is a lower alkoxy group, or R 5 is a hydrogen atom and 
R 6 is a phenyl group, or R 5 and R 6 may combine to form an oxo group, OX is a hydroxy group which may optionally 
be protected, and Y is a lower alkyi group, or a pharmaceutical^ acceptable salt thereof, which comprises reacting 
a compound of the formula (l-a) : 




wherein the symbols are the same as defined above, with a compound of the formula (IV): 
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io wherein A 1 and A 2 are leaving groups, and the other symbols are the same as defined above, and if necessary, 
. followed by converting the product into a pharmaceutical^ acceptable salt thereof. 

1 7. A process for preparing a propiophenone derivative of the formula (l-j): 



20 




2S wherein OX 1 is a protected hydroxy group, Y is a lower alkyi group, and Z is a p-D-glucopyranosyl group wherein 
one or more hydroxy groups may optionally be protected, or a pharmaceutically acceptable salt thereof, which com- 
prises protecting the 6'-phenolic hydroxy group of a compound of the formula (l-k): 




35 



wherein the symbols are the same as defined above, and rf necessary, followed by converting the product into a 
pharmaceutically acceptable salt thereof. 

40 1 8. A process for preparing a propiophenone derivative of the formula (l-k) : 



45 




SO 

wherein Y is a lower alkyi group, and Z is a 0-D-glucopyranosyl group wherein one or more hydroxy groups may 
optionally be protected, or a pharmaceutically acceptable salt thereof, which comprises removing the protecting 
group from a compound of the formula (l-j): 
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a-j) 



10 



IS 



* 3 T "Z* 9r0Up ' the other s y mb0,s are same as defined above, and if necessary 

toiiowed by converting the product into a pharmaceutically acceptable salt thereof. 

19. A process for preparing a compound of the formula (l-fl: 



20 



HO-P, 




30 



a^Saoie SZ^K* ^ ^ " y b6 Pr ° teCted ' and Y Is a lower alky] group, or a pharmaceuti- 
cally acceptable salt thereof, which composes subjecting a compound of the formula (l-m): 



35 



40 



45 



50 



55 




a-m) 



^ n c^!l R Jl ar l th t! ame °: dif,erent and »* Parting groups for hydroxy group, and the other symbols 

20 ' "T^u COmpriseS a ^erapeutically effective amount of the compound as set forth in 

daim 1 in admixture with a pharmaceutically acceptable carrier or diluent 

21 . Ause of a compound as set forth in daim 1 in the production of a medicament for prophylaxis or treatment of dia- 
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